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SECTION 1 
SPECIFICATION 



Change informotion, if any, affecting this section will be found at the 
rear of the manual. 



Introductior) 

Th« Type 7A72 Vartical Plug-in is a DC coupled differ- 
enliol omplilier with excellent common-mode rejection chor- 
octeristics ond high goin for low level applications. 

The DC Offset copobility of the Type 7A22 ollows the 
display of the very smoll low-frequency signals containing 
a lorge DC component, ot deflection foctors r>ol possible with 
AC coupling. The verticol deflection factor ronge of the 
Type 7A72 is from lOfiV to lOV. The high and low fre- 
quency - 3dB points con be selected at the front panel, 
to set the bandwidth of the instrument. Thus, for low fre- 
queiKy applications the sigrtol lo-noise ratio con be improved 
by restricting the bandwidth of the Type 7A23. The bond- 
width selection ond excellent drift-with-time charocteristics 
provide measurement copobilities in the biomedical, trans- 
ducer, orsd other areas which require stable, low deflection 
factor, low noise measurements. 

The Type 7A22 is desigrted for use in Tektronix 7000 Series 
oscilloscopes. 

The electrical choracteristics described in this section ore 
valid over the stated environmental range for instruments 
calibrated at on ambient lemperolure of -f20*C to -|-30*C 
ond after a S minute wormup unless otherwise rtoted. 



aeCTRICAL CHARACTERISTICS 



Chorocleristic 


Performonce Requirements 


Deflection Foctor 
(VOLTS/DIVl 
Gain Rotio Accurocy 


Within 3% with GAIN odjusted at 
1 mV/div 


VAR (CAL IN) Range 


Continuously variable; extends de- 
flection foctor to at least 25V/div 


GAIN 


Permits odjustment of deflection 
foctor ot 1 mV/DIV for oil moin- 
fromes 


Differential Signal Range 
(DC OFFSET not used) 
lO^V/Div to 
lOmV/Div 


At least -±1 V 


20mV/Div to 
0.1 V/Div 


At leost d;)0V 


0.3V/Div to 
1 V/Div 


At leost d;100V 


2 V/Div to 
lOV/Dfv 


At least d IOOOV 



DC OFFSET 
COARSE Range from 
Electrical Zero 
lOf^V/Div to 
lOmV/Div 


At least t-l V to -~l V 


20 mV to 0.1 
V/Div 


At least -f 10V to -10V 


0.2 V to 1 V/Div 


At least 4100 V to -100 V 


2V to 10 V/Div 


At least 4 IOOOV to -1000V 


Frequency Response (6 
div Referersce) 

Overall Frequertcy 
Response DC (Direct) 
Coupled Input 


DC to within 10% of 1 MHz ot 
-3dB 


AC (Copacitive) Cou- 
pled Input lower 
Bofsdwidth Freqi>er>cy 


2 Hz or less 


BartcKvidth Limit 
Accuracy 
HF -3 d 8 POINT 
100 Hz to 1 MHz 


9 steps in a 1-3 sequence 


Accurocy 


Within 10% of selected frequency 


LF -3dB POINT 
0.1 Hz to 10 kHz 


6 steps in 0 1*10 sequetsce 


Accuracy 


Within 12% of selected frequency 


Recovery Tirrte 


10/15 or less to recover to within 
0.5% of zero level offer the re- 




movol of 0 4 or — test input op- 
plied for 1 s. Test signal not to ex- 
ceed Differentiol Signal Range. 
Specified oberrotion (0.5%) bosed 
on test signal omplitvde 


Common Mode Signal 
lO^V/Div to 
lOmV/Div 


At leost 4- 10 V and -10 V 


20mV/Oiv to 
0.1 V/Div 


At least 4-100 V and -100 V 


0.2 V/Oiv to 
10 V/Div 


At least 4 SOOV ond --500V 


Common-Mode 
Rejection Ratio 
DC (Direct) Coupled 


See Verification Points on graph. 
Fig. 1-2. 


AC (Copocitive) 
Coupled 


See Verification Points on graph. 
Fig. 1-2. 
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Fig. CMRR n, Friqvtncy for signals net oxcoeding Common Mod* Signol Range. 



1-2 



10 Hz 100 Hz 1kHz 10 kHz 100 kHz 1 MHz 









Spscificotion — Typ* 7A22 



ELECTRICAL CHARACTERISTICS (cont) 



ChorocterisKc 

Maximum Inpuf Voltage 
(each input) 

DC (Direct) Coupled, 
DC f Peak AC, AC 
Component 1 MHi or 
less 

lO^V/Div to 10 
mV/Div 

20mV/Div to 0.1 
V/Dtv 

.2V/Div to 10 V/ 
Div 

AC (Capacitive) 
Coupled 

Input DC Voltage 
AC (Copacitive) 
Coupled 

Input DC Reieclion 
Input R and C 
Resistance 
Capacitance 
R & C Product 

Maximum Input Gate 
Current 1 

10/xV/Div to lOmV/ ' 
Div 

20mV/Div to 10V 
Div 

Display Shift at 10 /xV 
/Div (AC Coupled) 
Variable Balance 



Disployed Noise (Tan- 
getially Measured) 



Performonce Reguiremenls 



±15V 



±200V 



-<:500V 



•J.500V, eoch input 



At least 4 X 10^ :1 



1 Mn ± 1 % 

Approximately 47.0 pF 

Within ±1% between all de- 
flection factors 
+25*C ‘' +5b*C 

±20pA ilOOpA each input 
±40 pA -*7200 pA Differentially 
rtlOpA -t-20pA 

ih4 div ±20 div 

0.2 div or less shift with VARIABLE 
control turned from fully cw to 
fully ccw position 
I6^V or 0.1 Div (whichever is 
greoter), 1 MHz HF - 3dB POINT, 
source resistonce 25 D or less 



DC Drift 

Drift with Time (Ambi- 
ent Temperature and 
Line Voltage Constant) 
Short Term 



Long Term 



Drift with Ambient 
Temperature (Line 
Voltage Constant] 

Isolation between + ond 
— Inputs ( f INPUT to 
an Open — INPUT, - 
INPUT to on Open 
INPUT) 



S /xV (P-P) or 0.1 div (whichever 
is greoter] in any minute after 1 
hour warmup 

10 /xV (P-P) or 0.1 div (whichever 
is greater] in any hour after 1 
hour warmup 
50/xV/*C or less 



At least 200:1, DC to 1 MHz 



ENVIRONMENTAL 



PLUG-IN TESTED OUT 


OF INDICATOR OSCILLOSCOPE 


ITEM 


CHARAaERISTIC 


Altitude 

Non-operating 


To 50,000 feet and -55* C 


Transportation 


Qualified under National Safe 
Tronsit Committee lest procedure 
1A, Category II 


PHYSICAL 


ITEM 


CHARACTERISTIC 


Finish 


Front panel is anodized aluminum 


Dimensions 


14Vi inch L X 2% inch W X 
4’/t inch H 


Weight 


cs; 2V# lbs 
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SECTION 2 

OPERATING INSTRUCTIONS 



Change information, if any, affecting this section will be found at the 
rear of the manual. 



Introduction 

This section opens with o brief functional description of 
the front-panel controls, input overdrive lamp, and input 
connectors. Following the front-panel description is a familiar- 
ization procedure and finolly a general discussion of the 
operation of the Type 7A22. 



CONTROLS AND CONNECTORS 



INPUT 

OVERDRIVE 



VOLTS/DIV 



VARIABLE 
(CAL IN) 



GAIN 



POSITION 

IDENTIFY 



HIGH 

FREQUENCY 
-3dB POINT 



Input overdrive indicator lamp turns on 
to indicote excessive differential drive 
to the input amplifier stage. Lights when 
the differential dynamic ronge between 
input connectors is exceeded. 

Volts per displayed division. Nineteen 
position switch used to select the cali- 
brated deflection foctors. 

Two-position switch activated by the 
VARIABLE krtob to select calibrated or 
uncalibrated deflection factors. At the 
IN position, the VARIABLE control is in- 
operotive ond the deflection factor is 
calibrated. When pressed ond releosed, 
the knob moves outward to activate the 
VARIABLE control lor uncolibroted de- 
flection factors. The uncalibrated posi- 
tion provides continuously variable un- 
calibroied attenuation between the cali- 
brated deflection factors and extends 
the deflection factor to ot least 25 
VOLTS/DIV. 

Screwdriver odiust control to set the CRT 
display scale factor to agree with the 
VOLTS/DIV switch irKficolion. Adjusted 
for proper deflection with the VOLTS/ * 
OlV switch set to the 1 mV position. 

The control that vertically positions the 
trace or display. 

Momentary contact, push-button switch, 
concentric with POSITION. Will cause 
the Iroce, representing the output of the 
Type 7A22, to move a small amount 
when pressed. Aids in identifying the 
Type 7A22 trace when multiple traces 
ore disployed. 

Nine position switch to select the op- 
proximote high frequency 3dB point. 
The switch positions are; 100 Hz, 3()0 Hz, 

I kHz, 3kHz, lOkHz, 30kHz, 100kHz, 
300 kHz, and 1 MHz. 



LOW 

FREQUENCY 
3dB POINT 



+ INPUT 



- input 



Eight position switch to select DC coupl- 
ing or the approximate low frequency 
-3dB points. The switch positions ore; 
DC OFFSET. DC, ,1Hz, I Hz, 10 Hz, 
too Hz, I kHz, ond 10 kHz. 

Signal input connector. Positive input 
produces deflection upword (see Fig. 

M). 

Signol input connector. Positive input 
produces deflection downward [see Fig. 

2-n. 




Fig. 2-1. Signali appliad >0 lh« 4 -INPUT connaclor praduMt an 
uprtghi dltplay. whll« tignah appliad la ItM - INPUT ait Invtrtad. 



t AC-GND-DC A miniature illuminated push-button type 
switch. The buttons ore interlocked so 
thol only one button may be depressed 
at one time. When the 'AC button is 
depressed the signol is coupled through 
0.1 /<F to the Input Amplifier and only 
the varying component of the input sig- 
nol is omplified. 

When the DC button is depressed the 
signal is coupled directly to the Input 
Amplifier and the entire input signal, 
both AC ond DC, is omplified. When 
the GND' button (or none of the but- 
tons) is depressed, the signol is coupled 
through 0.1 /<F ond through 1 Mil to 
ground. The Amplifier Input is grounded 
in this condition. 
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Each push-button is illuminated from 
behind when the button is depressed. 

— AC-GND-DC Same function os the + AC-GND-DC 
switch but opplied to the — INPUT. 

IMPORTANT 

The following two controls ore operotive only 
when the LOW FREQUENCY —3 dB POINT switch 
is set to DC or DC OFFSET. 



STEP ATTEN Front panel control for DC bolandng 

DC 6AL (DC MODE the amplifier input stoge. With no sig- 
ONLY) nols opplied to the input connectors, 

the control is odjusted for no troce 
shift os the VOLTS/DIV switch is moved 
from the lOmV position to the 10/iV 
position. 



DC OFFSET Coorse ond fine controls to provide 

(DC OFFSET inlernol offset bios while mointoining 

mode only) the differential capobility. Available 

range of the offset bias depends upon 
the settings of the VOLTS/DIV switch, 
and is indicated by shaded gray bonds 
(OFFSET RANGE) oround the VOLTS/ 
DIV switch. 



RELEASE LATCH Groy rectangular knob near the bottom 
left of the front panel. Pull out to re- 
move Plug-In from Plug-In compartment. 



OPERATING INSTRUCTIONS 
First-Time Operation 



NOTE 

About five minutes is sufficient time for warmup 
when using the Type 7A22 for short-term DC meas- 
urements. For long-term DC measurements using 
the lower deflection factors, allow at least one 
hour. 

5. Adjust the Intensity control for normal viewing of 
the trace. The trace should oppeor neor the groticule center. 

6. Using the POSITION control, position the trace 2 divi- 
sions below groticule center. 

CAUTION 

If the maximum input voltoge rating in the 10;tV 
to 10 mV ronge of the VOLTS/DIV switch is ex- 
ceeded, the inputs ore diode-clomped to fixed 
voltages of opproximotely -f16.S volts and/or 
— 16.5 volts and damage to the signal source is 
possible. If the signal source con supply more than 
1/16 A of current, the input protective fuse(s) 
will open. An open input fuse is indicated by the 
lighting of the INPUT OVERDRIVE indicator with the 
input coupling switches set to GND. 

7. Apply 0 4 mV peok-to-peok colibrotor signal through 
0 cooxiol coble to the f- INPUT connector on the Type 
7A22. 

6. For DC coupled, single-ended operotion, set the -f- 
INPUT AC-GND-DC coupling switch to DC. The display 
should be squore waves 4 divisions in amplitude with the 
bottom of the display at the reference established in step 6. 

9. For AC coupled, single-ended operation, reposition the 
display with the Type 7A22 POSITION control to ploce the 
bottom of the display at the graticule center line. 



Steps I through 5 in the following procedure are intended 
to help place the trace on the screen quickly and prepare 
the unit for Immediate use. Steps 6 through 8 ore used to 
check the GAIN adjustment, These steps along with those 
remaining ore intended to demonstrole some of the basic 
functions of the Type 7A22. 

1. Insert the unit into the oscilloscope plug-in compart- 
ment. 

2. Set the Type 7A22 front-panel controls os follows: 



VOLTS/DIV 1 mV 

VARIABLE IN (CAL) 

POSITION Midrange 

HIGH FREQUENCY 1 MHz 

- 3dB POINT 

LOW FREQ -3 dB POINT DC 

AC-GND-DC (-t- INPUT) GND 

AC-GND-DC ( - INPUT) GND 

STEP AHEN DC BAL Midrange 



3. Turn the oscilloscope Intensity control fully counter- 
clockwise and turn the oscilloscope Power ON. Preset the 
time-bose and triggering controls for o .5 ms sweep rote 
and outomotic triggering. 

4. Wait about five minutes for the Type 7A22 and the 
oscilloscope to worm up. 



10. Set the -F INPUT AC-GND-DC coupling switch to AC 
and note that the display shifts downward about 2 divisions 
to its overage level. 

11. Disconnect the coaxial coble from the -f INPUT con- 
nector. Connect o duol input connector to the -f INPUT 
and — INPUT connectors. Connect the cooxiol coble from 
the Calibrator to the dual input connector. 

12. For AC coupled differential operation, set the 
—INPUT AC-GND-DC coupling switch to AC. The cali- 
brator signal is now coupled to both inputs os a common- 
mode signal. A straight line display should be observed, 
since the common-mode is being rejected. 

Operational Adjustments 

NOTE 

Most of the following checks and adjustments may 
be mode ofter o 5 minute wormup; however due 
to the DC drift of the amplifier during subsequent 
warmup, the STEP ATTEN DC BAL should be re- 
adjusted for each check or adjustment, and o 
warmup of at leost one hour should be allowed 
before o finot odjustment of the STEP ATTEN DC 
BAL it ottempled. Insure that the oscilloscope used 
in conjunction with the Type 7A22 is correctly cofl- 
broted (refer to the oscilloscope manual) and that 
the calibrated output voltage is correct. 
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1. AC ATTEN BAL (internal odjustment). When the 
LOW FREQ - 3dB POINT switch is used to limit the low 
frequency response of the Type 7A22, the unit employs 
AC stabilization. This means that when the switch is set 
to any position except DC or DC OFFSET, the STEP ATTEN 
DC BAl and DC OFFSET controls become inoperative, 
VOLTS/DIV bolonce is then controlled with the AC ATIEN 
BAL, an intemol odjustment (see Fig. 3-2). 




Ftg. 2-3. LoMlien sf AC ATTEN BAl central. 

When transferring the Type 7A22 from one oKilloscope 
to another, if moy be necessary to perform a minor re- 
odjustment of this control, due to normol power supply vari- 
otions between oscilloscopes. 

NOTE 

An unbalonce of up to 30 is normal and con- 
not be reduced by odjusting the AC ATTEN BAL 
control. 

a. With the Type 7A22 inserted into the OKilloscope, re- 
move the left side panel of the oscilloscope and set the 
Type 7A22 controls os follows: 

VOLTS/DIV 1 mV 

AC-GND-DC (-I-INPUT) GNO 
AC-GND-DC (-INPUTI GNO 
LOW FREQ -3dB POINT 10 Hz 
HIGH FREQ ~3dB POINT 100 Hz 

b. Using the POSITION control, position the trace to 
graticule center. 

c. Set the VOLTS/DIV switch to 20 /xV. 

d. Adjust the AC ATTEN BAL control, R505, to position 
the trace to within 1.5 divisions of groicule center. (See 
note in step 1). 

INTERACTION: If this odjustment is mode out of se- 
quence, steps 2 and 3 must also be performed. 



2. VAR BAL R425. (Internal adjustment). 

o. Set the Type 7A22 controls os in step 1-o. 

b. Position the troce to graticule center with the POSI- 
TION control. 

c. With the VAR (CAL IN) in the out position, rotate the 
VARIABLE control from stop to slop. Check for no move- 
ment of trace. 

d. Adjust R425 for no movement of trace as the VARI- 
ABLE control is rotated from stop to stop. (See Fig. 2-2 for 
locotion of adjustment.) 

3. STEP ATTEN DC BAL. With zero input voltage and 
the LF - 3dfl POINT selector at DC, if the STEP ATTEN 
DC BAL is not properly adjusted the CRT trace will shift 
verticolly as the VOLTS/DIV switch is rotated throughout 
its range. The shift is more noticeable at the most sensi- 
tive positions. 



a. Set the Type 7A22 front-panel controls os 


follows: 


VOLTS/DIV 


lOmV 




VARIABLE (CAL IN] 


CAL 




POSITION 


Midronge 




HIGH FREQ -3 dB POINT 


1 MHz 




LOW FREQ -3dB POINT 


DC 




AC-GND-DC l-f-INPUT) 


GND 




AC-GND-DC (-INPUT) 


GND 




STEP ATTEN DC BAl 


Midronge 




b. Using the Type 7A22 POSITION control, 
CRT trace to the center of the groticule. 


position the 



c. Set the VOLTS/DIV switch to 10/xV. 

d. Return the trace to groticule center by odjusting the 
STEP ATTEN DC BAL control. 



NOTE 

The adjustment of the STEP ATTEN DC BAL con- 
trol should be checked periodically during the use 
of the instrument. If the Type 7A22 is used DC 
coupled or in significantly varying ambient tem- 
peratures in the 10*«V/DIV to .1 mV/DIV ranges, 
the STEP AHEN DC BAL should be checked quite 
frequently. It is good practice to check this con- 
trol and readjust, if necessary, before any critical 
measurement is mode under the above conditions. 



4. GAIN 

a. Perform steps 1 through 8 in the First-Time Operotion 
Procedure. 

b. Adjust the GAIN control for exactly 4 divisions of 
display. 

NOTE 

Accuracy of this adjustment is dependent upon the 
voltage accuracy of the calibration source. 
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GENERAL OPERAFING INFORMATION 
Trace Drift 

The environment in which the Type 7A22 is operoted ond 
the inherent chorocterisiics of the Type 7A22 influence troce 
drift. Iherefore, to determine trace drift for o specific en- 
vironment refer to the Specificotion Section. In environment 
in which the ambient temperofure does not vory much {such 
os on oir-conditioned building) the trace drift generally will 
not exceed 10 /iV in one hour. 

Input Gate Current 

When using the ,1 mV/DIV to 10/tV/DIV ronges for meas- 
urement with an AC coupled input, lor DC measurements 
where the source impedance is high (in excess of 1 Mfl) the 
input gote current should be checked ond ollowed tor, or 
adjusted to zero. This is particularly desired at high tem- 
peratures (above 40*C|. Steps 7 and 8 in the Performance 
Check/Calibration Procedure describe the check and adjust 
procedures for setting the gote current to zero. 

Voltage Measurement 

To obtain accurate DC meosurements ot moximum sensi- 
tivity, it is necessary to ground the input ond DC balance 
the amplifier just before making the measurement. This is 
accomplished by adjusting the STEP ATTEN DC BAL os 
described under operational adjustment number 3. 

When measuring DC voltoges, use the largest deflection 
factor (lOV/DIV) when first connecting the Type 7A22 to 
an unknown voltage source. Then, if the deflection is too 
small to make the measurement, switch to a lower deflec- 
tion factor. If the input stage is overdriven, o large amount 
of current might flow into the input. See CAUTION ofter 
item 6 of First Time Operation. 

Where only the AC component of a signal hoving both 
AC and DC components is to be measured, use the AC- 
GNO-DC switches to take advantage of the pre-charging 
circuit incorporated in the unit. The pre-chorging circuit 
permits the coupling capacitor to chorge to the DC source 
voltage when the AC-GND-DC switch Is set to GNO. Pro- 
cedure for using this circuit is as follows; 

a. Before connecting the Type 7A22 to o signal contain- 
ing a DC component, set the AC-GND-DC input coupling 
switch to GND. Then connect the input to the circuit under 
test. 

b. Allow about one second for the coupling copocilor to 
charge. 

b. Set the input coupling switch to AC. The display will 
remain on the screen and the AC component con be meas- 
ured in the usuol manner. 

d. On completion of the measurement, set the AC-GND- 
DC switch to GND and short the input connector to ground. 

The obove procedure should be followed whenever an- 
other signal with a different DC level is connected. 

CAUTION 

If the Type 7A22 is connected to a large DC volt- 
age source without using the pre-charge provi- 
sion, the peak charging current (into 0.1 /cF 



capacitor) will be limited only by the signal 

source, ond this source may be damaged or de- 
stroyed. 

When a lorge DC voltoge has been applied to the Type 
7A22 with the input AC coupled, the input coupling capaci- 
tor ocquires a charge due to dielectric polarization and acts 
os a low voltage, high impedance voltage source with a 
very slowly decaying output voltage. This can offset sub- 
sequent AC coupled measurements at other DC voltages 
and drive the trace off-screen. A period of ot least 10 min- 
utes, with input set to GND, should be allowed to assure 
reasonable recovery from polarization, and o longer period 
may be necessory for criticol meosurements. If the input 
connectors ore shorted to ground the depolarization proc- 
ess will require less time. 

Signal Input Connectors 

When connecting signols to the H INPUT and INPUT 
connectors on the Type 7A22, consider the method of cou- 
pling thot will be us^. Ordinary unshielded test leads can 
sometimes be used to connect the Type 7A22 to a signal 
source, porticulorly when o high level, low-frequency signol 
is monitored ot o low impedance point. However when any 
of these foctors are missing, it becomes increosingly im- 
portant to use shielded signal cables. In all cases, the signal- 
tronsporting leads should be kept as short as practical. 

When making single-ended input meosurements, be sure 
to establish a common ground between the device under 
test and the Type 7A22. The shield of a coaxial cable is 
normolly used for this purpose. 

In some cases differential meosurements require no com- 
mon ground’, and therefore ore less susceptible to inter- 
ference by ground loop currents. Some problems with 
stray magnetic coupling into the signal transporting leads 
can also be minimized by using o differential rather than 
single-ended measurement. These considerations are dis- 
cussed later in this section under Differential Operation. 

It is always important to consider the signal-source load- 
ing and resulting change in the source operating character- 
istics due to the signal-transporting leads and the input 
circuit of the Type 7A22. The circuit ot the input connectors 
can normolly be represented by a 1 megohm resistance to 
ground porolled by 47 pF. A few feet of shielded coble 
may increase the porallel copocitanee to 100 pF or more. 
In many cases, the effects of these resistive ond copocitive 
loods moy be too great and it may be desiroble to minimize 
them through the use of an attenuator probe. 

Attenuator probes not only decrease the resistive and 
capacitive loading of a signal source, but also extend the 
meosurement range of the Type 7A22 to include substonti- 
oliy higher voltoges. Passive attenuator probes having at- 
tenuation factors of lOX, lOOX, ond 1000X, as well as other 
special-purpose types are available through your Tektronix 
Field Engineer or Field Office. 

Some measurement situotions require a high-resistance in- 
put to the Type 7A22 with very little source loading or sig- 

'Th« DC plus paoic AC vellOBat Pr> Ih* peinit wllh ratpaci 
19 tha choith pelantial et lha Typa 7A22 thauld ba Nmllad to 
the lavalt liilad in Saclisn I vndar Mexlmum Cemmon-meda Inptil 
Voitoea choradarltlin. Hlehar lavalt will dagroda lha cemmen-meda 
raiacHati ralie ond axcaad lha inpwl velloga roling el lha unit. 
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t>ol attenuation, tn such o situation o passive ottenuotor 
probe canrtot be used. However, this problem moy be solved 
by using an active probe or the high input imp^ance pro- 
vision of the Type 7A32. 

High Input Impedance 

The high input impedance provision applies only to DC 
coupled signals which permit the use of 10 mV through 10 
fiV positions of the VOLTS/DIV switch, (OC coupled). Since 
no input ottenuotor is used at these switch positions, the 
internol gate return resistor alone establishes the 1 megohm 
input resistance. 

The high input impedance is obtained by unsoldering the 
wire strap (see Fig. 2-3) between the input line and the inter- 
nol gale return resistance. The signal source must then pro- 
vide o DC polh for the FET gate current. 




Fig. l«<oHon 9f wlr* tfrep Input lln* and Int^crtol geU 

rtfUtof. 

The uncompensated gate current is typicolly less than 100 
picoamperes, but may be several times higher dependirtg 
upon the operating temperoture. The signal-source imped- 
ance is therefore on importont factor since gate current will 
produce a OC offset. For example, a 100 picoampere gate 
current through 10 megohms produces a 1 mV offset; this 
moy result in a significant error where small voltages are of 
concern. 

NOTE 

When the wire straps are removed. R111 and R211 
are disconnected. The deflection factor in the 20 m V/ 
DIV to W V/DIV range will be incorrect. 

The high-frequency response will olso depend upon the 
signal-source impedance, since various shunt capacitances 
between the source orsd the 7A22 input os well os the 47 pF 
input copocitonce, must chorge and discharge through thot 
impedonce (see Fig. 2-4). 



Display Polarity 

Single-ended signals con be applied to either the -flNPUT 
or —INPUT connector. If the -t-INPUT is chosen, positive- 
going changes in the input signol will cause the troce to be 
deflected upward, and negotive-going changes will cause 
the trace to be deflected downward. If the —INPUT is 
chosen, input-to-display polarity relationship will be reversed 
os shown previously in Fig. 2-1. 



Deflection Factor 

The omount of troce deflection produced by o signal is 
determined by the signal omplitude, the attenuoiion factor 
of the probe, the setting of the VOLTS/DIV switch ond the 
setting of the VARIABLE control. The calibrated deflection 
factors indicated by the VOLTS/DIV switch opply only when 
the VARIABLE control is pushed "in" to the CAL IN position. 

The ronge of the VARIABLE control is ot least 2.S;1. It pro- 
vides uncolibroted deflection factors covering the full ronge 
between the fixed settings of the VOLTS/DIV switch. The con- 
trol con be set to extend the deflection foctor to at least 25 
volts/div. 



Noise 

To reduce noise ond obtoin o more usable display when 
the VOLTS/DIV switch is operoted in the 10 /iV, 20 /tV, ond 
50 /(V positions or when the signal source is noisy, it is sug- 
gested thot the HIGH FREQ — 3dB POINT selector be set 
to use the lowest bandwidth setting which does not oppreci- 
obly distort the desired feotures of the signal under observa- 
tion, Refer to Rg. 7-6 for the high frequency rolloff for eoch 
setting of the HIGH FREO — 3dB POINT selector. 



Bandwidth Selection 

In addition to the differentiol rejection of unwonted signals, 
many times on urtdesired sigrtal con be ottenuoted by varying 
the bandwidth of the unit. The LOW FREQ — 3dB POINT 
ortd HIGH FREQ — 3dB POINT selectors on the front panel 
of the 7A22 control the low-frequency arid high-frequency 
—3 dB points of the amplifier. The LOW FREQ —3 dB POINT 
selector provides low-frequency response to DC or to op- 
proximote — 3dB points ot .1 Hi, 1 Hz, 10Hz, 1(WHz, I kHz, 
and 10kHz, Refer to Fig. 2-5. The HIGH FREQ -3 dB POINT 
selector controls the high-frequency rolloff from 1 MHz to 
100Hz in a 1-3-10 sequence. Beyond the — 3dB points the 
frequency response falls off at o 6dB per octove rate. Refer 
to Fig. 2-6. 

Vorying the bondwidth of the Type 7A22 is useful, for ex- 
ample, when displaying o low-frequency signal. By reducing 
the high-frequency response the noise can, in mony cases, be 
considerobly reduced without distorting the desired signal 
(see Fig. 2-7). Likewise, undesired line-frequency signals con 
be filtered out by restricting the low-frequency response of 
the unit. When using the LOW FREO — 3dB POINT ond 
HIGH FREO — 3d6 POINT selectors, care must be token not 
to distort non-sinusoidol woveforms by overly restricting the 
amplifier bondwidth. 
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F| 0 . 3-4A. 7A23 CMRR ot lO/iV/DIv to lOmV/Dly. Inpuit DC Coupled. Worst-case degradation due to source resistance. 



2.6 



Source Resistance. 
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Fig- )-48. 7A32 Bandwidth and VOLTS/DIV Erisr as funcliem »f Sewr« Rasislanct. 
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Fig. 2-S. 7A77 FREQUENCY RESPONSE at a function of IF -3dB POINT SETTING IHF -3dB POINT ol 1 MHcl. 
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Fig 2-6 7A22 FREQUENCV RESPONSE es o (undlon of HF -JdB POINT tetlingt ILF -3dB POINT el OCI 
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FIs. t-7. Imprevlns tlgnol-lo-nei<« rallo by (•tiing bcndwidrh. 
(A) lower — 3 dB FUOUENCY toUOor to OC, UFFER -3dB FttE- 
QUENCY I MHz. 18) lower — 3dB FREQUENCY relector to OC. 
UPPER — 3d8 FREQUENCY, 10 kHz. 



Voltage Comparison Measurements 

Some applications require a set of deflection foctors other 
thon the fixed values provided by the VOLTS/DIV switch. 
One such opplication is comparison of signal amplitudes by 
ratio rather than by absolute voltoge. 

To accomplish this, apply o reference signol to either in* 
put of the Type 7A22. Set the VOLTS/DIV switch and VARI- 
ABLE control throughout the subsequent comporisons. The 
settings of the VOLTS/DIV switch can be chonged, however, 
to accommodate large rotios. in doing so, regord the num- 
bers which designate the switch position as rolio factors 
rother than voltages. 



Differential Operation 

Differential voltage measurements are made by apply- 
ing the signols to the f INPUT and - INPUT conrrectors. 
Then, both AC-GND-DC switches should be set to the some 
positions: AC or DC, depending on the method of signal 



coupling desired. When using the Type 7A22 for differentiol 
operofion, only the voltoge difference between the two sig- 
nals is amplified and disployed on Ihe CRT. Common-mode 
signals (signals thot ore common in amplitude, frequency 
and phose) are rejected {see Pig. 2-6). 

The Type 7A22 differentiol input provision moy be used 
to eliminate interfering signals such as AC line-frequency 
hum. Single-ended measurements often yield unsatisfactory 
information because of interference resulting from ground- 
loop currents between the oscilloscope and the device under 
test. In other cases, it may be desirable to eliminote a DC 
voltage by meons other than the use of a OC-blocking copac- 
itor which would limit low-frequency response. These limi- 
tations of single-ended meosurements are virtually eliminated 
in differentiol measurements. 

A differentiol measurement is made by connecting eoch 
of the two inputs to selected points in the lest circuit, The 
input to the amplifier will then be the difference in voltage 
of the two selected points (see Fig. 2-9). 

The ability of the Type 7A22 to reject common-mode sig- 
nols is indicated by the common-mode rejection rotio (CMRR). 
This ratio is at leost 100,000:1 ot the input connectors for the 
lower deflection foctors (10 /iV to 10 mV per division) when 
signals between DC and 100 kHz are DC-coupled to the in- 
puts. To show the significance of this charocteristic, assume 
thot a single-ended input signal consists of an unwanted 60 
Hz signal at 1 volt P-P plus a desired signal ot 1 mV P-P. If 
on ottempt is made to display Ihe desired signal with the 
VOLTS/DIV switch set to .2 mV, the 60 Hz signal would 
produce a deflection equivolent to 5000 div, and thus little 
useful information about the 1 mV signal could be obtained. 

If, however, the some 1 mV signol is monitored differenti- 
ally so that the 60 Hz signal is common-mode ot the inputs, 
no greater then one port in one hundred thousond of the 
common-mode signal will oppeor in the disploy. Thus, the 
desired signol produces o display omplitude of 5 div with 
only .05 div of interference due to the common-mode signal. 

There are o number of factors which con degrode common- 
mode rejection. The principol requirement for maximum re- 
jection is for the common-mode signal to arrive at the input 
FET gotes in prcsicely the some form. A difference of only 
0.01 % in Ihe altenuation factors of the input attenuators moy 
reduce the rejection rotio to 10,000:1. Likewise, any difference 
in source impedonce at the two points in the source under test 
will degrade Ihe rejection ratio. Attenuator probes which do 
not have on odjuslable resistance may reduce the rejection 
ratio to 100:1 or less. 

Outside influences such os electrostatic and magnetic fields 
can also degrode the performonce, particularly when low 
level signols ore involved. Electrostatic interference can be 
minimized by using shielded signol transporting leads of the 
same type to the two inputs, ond by twisting the leads to- 
gether throughout most of their length. 

Care should be token to minimize the movement of Ihe 
signal tronsporting leads, os ony movement of o leod, in Ihe 
presence of a magnetic field, will tend to induce o signal into 
that lead. Where an interfering mognetic field connot be 
avoided, the pickup loop formed by the two leads should 
be minimized by toping or twisting them together throughout 
most of their length, low-frequency measurements can be 
similarly protected by using a shielded cable which contains 
a twisted poir of conductors. 
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DC Offset Operation 

By using the DC OFFSET controls, it is possible to use the 
Type 7A22 dlHerentially in a slide-bock mode, to observe 
small signal whose DC potential difference may be consider- 
able. The offset is continuously odjustoble from -f 1 V to 
- 1 V when the VOLTS/DIV switch is in the 10/iV to lOmV 
positions. In the 20 mV. 50 mV ond ,1V positions of the 
VOLTS/DIV switch, the 1 V offset is effectively molliplied by 
the input attenuator to a ronge of d~IOV. Table 2-1 sum- 
marizes the effective DC offset voltages inlernolly available 
for oil the VOLTS/DIV switch positions. The toble also lists 
the input oHenuotor that is switched into the omplifier circuit 
for the various VOLTS/DIV switch positions. 



TABLE 2-1 



VOLTS/DIV setting 


OFFSET RANGE 


AHENUATOR in 


IOaV to lOmV 


■± 1 V 


IX 


20 mV to 0.1 V 


± 10 V 


lOX 


0.2V to 1 V 


± lOOV 


lOOX 


2V to lOV 


± lOOOV- 


1000X 



'CAUTION— ±500 vatti It tha maximum allawebla ilenal vaHoga 
af a«(h input. 



Using the DC OFFSET lunclions; 



Set the Type 7A22 controls os follows: 



VOLTS/DIV 

VARIABLE (CAL IN] 

POSITION 

AC-GNDDC 
(-f and — INPUT) 

HF --3dB POINT 

LF -3dB POINT 

STEP ATTEN DC BAL 



10V 

CAL 

Midronge 

GND 

1 MHz 
DC 

Adjusted for DC bolonce 



1. Position the iroce to graticule center (or some other 
convenient reference line) using the POSITION control. 

2. Connect a cooxiol coble from the signal source to the 
-♦INPUT. 



3. Set the -f INPUT AC-GND-DC switch to DC ond meas- 
ure the DC level to be offset. 



4. Set the VOLTS/DIV to the largest deflection foctor in an 
offset ronge which will encompass the DC level measured in 
step 3. See Toble 2-1 and front panel color bands. 

5. Set the LF -3dB POINT selector to DC OFFSET. 
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(Al Right 




IB) Wrong 




ICI Wrong 




Fig. 3*9. Connoctlng e dlftorontiol emplitior ocrott a rirrwii 



6. Use the COARSE ond FINE controls to move the por- 
tion of the signal to be observed to the reference line estab- 
lished in step 1 . 

7. If 0 different sice display is needed, the deflection factor 
moy be changed in the some offset range. 



NOTE 

If switching into onother offset ronge, the OFFSET 
controls will need to be readjusted. If switching 
into o smaller offset ronge, check that the avail- 
able range is sufficient to encomposs the DC level 
present (see steps 3 ond 4 above). 

Input Overcirive Indicator 

The INPUT OVERDRIVE indicator turns on when the signol 
to Ihe input FETs approaches the differenliol dynomic ronge 
of the omplifier. The 7A22 should not be left connected to 
0 circuit if this light is on, os this tnoy mean that a damaging 
voltage is present. 

The INPUT OVERDRIVE indicotor serves onother important 
function. If the amplifier is direct-coupled of the input, o DC 
differentiol signal could overdrive the input stage and cause 
0 reduction in gain. The smoll voltages to be measured will 
not be distorted, but will be reduced in amplitude. As o re- 
sult, amplitude measurements mode under such conditions will 
not be Qccurote. The Type 7A22 INPUT OVERDRIVE indica- 
tor provides on indicolion that such o signal is present by 
lighting before the gain colibrotion changes by 1%. 

If the INPUT OVERDRIVE lomp turns on, there ore two pos- 
sible woys to continue: 

1. Switch the LF 3dB POINT selector to DC OFFSET, 
DC differential signals may then be bolonced out os 
indicated in Toble 2-1. 

2. Switch the AC-GND-DC switch to AC. DC differentiol 
signals up to 1000 V (either input not to exceed 500 V) may 
be removed by using AC coupling of Ihe input. This neces- 
sorily limits Ihe low frequency response to 1 .6 Hz (or 
0.16Hz with o lOX probe). 

The INPUT OVERDRIVE lomp is insensitive to common- 
mode overdrives, and it is possible to overload the Type 
7A22 without lighting the input overdrive light. 

In summary the overdrive indicotor will turn on under the 
following conditions: 

o. The input signal exceeds the differential dynamic ronge 
of the amplifier (sec Scclion I for table of dynamic ronges). 

b. An input protective fuse is blown. In this cose, Ihe 
light will remain on even if the AC-GNO-DC switches ore set 
to GND. 

c. There Is o circuit malfunction. 



Readout 

If the Type 7A22 is to be used in on oscilloscope having 
readout copobilities, spcciol probes which correct the read- 
out deflection foclor for probe attenuation may be used. 
Divider probes not having Ihe sensing capability may be used 
with Ihe instrument, but they will not operate the sensing 
system, and Ihe deflection foclor of the plug-in only (os read 
on the VOLTS/DIV knob) will be disployed. 

The f INPUT and INPUT connectors hove on outer ring 
which is connected to the readout probe sensing device. This 
allows Ihe moin-irame readout to display Ihe correct deflec- 
tion foctor from the probe tip for any probe attenuolion. For 
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example: if o 10X probe is used it will increase the deflec- 
tion factor, in the readout display, by a factor of 10. Then the 
actual deflection factor ot the probe tip is displayed (see 
Table 2-2). 



NOTE 

If only one divider probe {or two probes with 
equal divider ratios) is connected, the deflection 
factor ol the probe tip will be displayed; if probes 
with different divider ratios are connected (e.g., 
10X and )00X }, trie reodout will disploy the de- 
flection factor at the lip of the probe with the 
larger division rotio MOOX), 



TABLE 2-2 



TYPE 7A22 
Plug In 


Main-Fro 


me Displayed 


Readout 


VOLTS/DIV 


Probe Atten 


Probe Atten 


Probe Alien 


Setting 


used 1 X 


used lOX 


used 100X 


.5 mV 


500 /W 


5 mV 


50 mV 


50 mV 


50 mV 


500 mV 


5V 



Troce Identify. With the oscilloscope turned on ond a 
sweep displayed on the CRT, check for approximately 0.2 div 
of vertical movement of the trace when the IDENTIFY 
pushbutton is depressed. The vertical scale factor readout 
associated with the 7A22 will change to the word IDENIITY. 

NOTE 

An incorrect CRT readout will occur in the lOV/div 
position when using the 100X Readout coded probe 
(P6009, Tektronix Part No. OIO-026'I OI). When used in 
lOV/div setting, leoding will show IV instead of 1KV. 
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SECTION 3 

CIRCUIT DESCRIPTION 



Change information, if any, affecting this section will be found at the 
rear of the manual. 



Introduction 

A block diogram descripfion covering the general con- 
figuration of eoch circuit in the Type 7A22 it included in 
rhit section. Following the block diagrom description is o 
detailed description of eoch circuit ond the functions of spe- 
cific components. 

Simplified drawings ore provided where necessary for eas- 
ier circuit understorsding. Complete schematic diagroms ore 
included in the Diagrams section. These should be referred 
to throughout the detailed circuit description. 

The volues of resistors on the schematics ore in ohms un- 
less otherwise specified. Capacitor values ore irtdicated in 
the following monner unless otherwise specified; whole num- 
bers indicate thot the value is in pF, decimol numbers indi- 
cote that the value is in /xF. For exomple, 33 pF ond 0.1 
,.F. 



BLOCK DIAGRAM DESCRIPTION 
(see Block Diagram Pullout 
preceding schematics) 

Input Coupling 

A signal applied to the -) or —Input connector passes 
through the input coupling selector switch to the input at- 
tenuator circuit. The signals con be AC coupled, DC cou- 
pled or disconnected internally. (See Schemotic Diagrom 
Number 1). 



Input Attenuators 

The input ottenuotors for the I- ond -inputs are iden- 
tical and are conventional RC type aflenuotors. Common 
resistive elements ore adjustable to focilitate motching the 
- ond I ottenuotors to obloin optimum DC common-mode 
signal rejection. 

The attenuators (Schematic Diagram number 3) ore fre- 
quency-compensoled voltage dividers which provide con- 
stant attenuation at all frequencies within the passband of 
the instrument, while maintaining a constant input time con- 
stont {47 Hi] for all positions of the VOLTS/DIV switch. 

Each attenuator contains on adjustable copocitor to pro- 
vide correct attenuation at high frequencies, and adjustable 
shunt capacitance to provide correct input capocitonce. The 
attenuators are used, in conjunction with goin switching in 
the output omplifier, only in the 20mV/DIV through lOV/DIV 
switch positions. From 10/iV/DIV through lOmV/DIV, only 
the output amplifier goin switching is used to set the deflec- 
tion factor. 



Preamp 

From the input ottenuotors, the signal is coupled to the 
preomp. The preamp consists of two identical feedback am- 
plifiers connected in a differential configuration, The over- 
all differentiol gain is approximately 15. 

The supply voltages for the two amplifiers are obtained 
from a common power supply which is bootstrapped to the 
input to improve the common-mode rejection ratio of the 
preamp. 

Each input Is equipped with an overdrive protection cir- 
cuit consiting of fuses and clomping diodes. For deflection 
factors from 10*iV/DIV through lOmV/OIV the fuse will 
open if the current exceeds Vi« A (opproximotely 16.5 volts 
at the input), preventing damage to the input circuitry. 

CAUTION 

The input protection circuit damps the input to a 
fixed voltage when loo large an input signal is op- 
plied. In the 10 to 10 mV positions there is no 
resistance through the ATTENUATOR switch. There 
is o possibility of damage to the signal source, 
since a very large current surge can flow before 
the fuse opens. 

When the LOW FREQ -3dB POINT selector is in ony 
position other than DC or DC OFFSET and the Input Cou- 
pling switch is in DC, there is no on-screen indication of the 
DC conditions in the preamp. If the differential dynamic 
range of the amplifier is exceeded and the omplifier is driven 
into non-lineorily or overdrive, an erronerous display is likely. 

An overdrive detector circuit is provided to indicate when 
the preomp is approoching the limits of its differentiol dy- 
nomic range. A front-ponel indicoting lamp lights when over- 
drive occurs. 

An offset generator is provided to balance out ony current 
in the preomp resulting from signals containing differential 
components. Offset (variable) allows the varying component 
to be omplified, and at the same time maintains the ampli- 
fier differential capabilities. 



Low Frequency — 3 dB Point 

The push-pull output of the preamp is coupled through a 
LOW FREQ -3dB POINT selector. The selector switches the 
components of the coupling network in each half of the pre- 
amp to select the low frequency 3dB points (.1 Hz, I Hz, 
10 Hz, 100 Hz, I kHz and 10 kHz). The DC position of the 
selector bypasses the low frequency selection circuitry and 
direct-couples the preomp to the Output Amplifier, 
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Output Amplifier 

The signal from the LF — 3dB POINT selector is coupled 
to the goin-switching section of the Ouput Amplifier. This 
section of the Output Amplifier is o pair of feedboci< am- 
plifiers similor to that of the preamp. The VOLTS/OIV 
switch changes the amplifier gain. 




fjf. 3*1. Oen«raliied f««dbaclc »y< 1 «m «h9w(n9 Iht r^loli^n b9twt«n 
Inpul and putpgf. 



High Frequency — 3 dB Point 

The HF — 3dB POINT selector switches capacitance ocross 
the output of the Coin Switching Amplifier to set the high 
frequency -3dB point ot any of 9 frequencies; 100Hz, 300 
Hz, 1 kHz, 3kHz, lOkHz, 3W kHz, lOOkHz, 300kHz, ond 
T MHz. The capacitance used in the 1 MHz position is ad- 
justoble to set the bandwidth to normal value. 

Positioning of the trace, and VARIABLE VOLTS/DIV, are 
provided in the stage following the HF — 3dB POINT se- 
lector. 

Overoll amplifier gain is adjusted in the signal output 
stoge of the Output Amplifier by adjusting the common emit- 
ter resistance. 

GENERAL INFORMATION 
Feedback Amplifiers 

Since the Type 7A22 utilizes several multi-stage feedback 
amplifiers, a brief review of feedback systems in generol 
is given. 

Fig. 3-1 represents a generolized feedback system in which 
it is desired to produce an output signal accurately ond stably 
related to the input. The arrangement of Fig. 3-1 causes the 
modified output to be nearly equol to the input. Any differ- 
ence between these is detected by the comparator, which 
produces on error signal equal to the difference, and applies 
this error to the amplifier, which amplifies the error and 
feeds back a correction to reduce the original error. 
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The input to the modifier (the system output) is also ac- 
curately related to the system input, provided the modifier 
is constructed of stoble components. 

Another way of looking ot the system is to start at the 
output ond work bockward. Specifically, ossume on ampli- 
fier goin of 10,000 ond o feedback modifier which is a lOX 
divider. Assume a 10 volt output. The modifier output is 1 
volt, and the error signal (output : gain] is 1 mV, so that the 
input is 1.001 volts. In this cose, the error between the de- 
sired output (10X input) of 10.01 volts and the actual output 
of 10.00 volts is only 10 mV, or 1 part in 1,000. 

In practice the comparator and error amplifier ore often 
combined in o differential omplifier. A single-ended version 
of the bosic configurotion used in the Type 7A22 is illus- 
trated in Fig. 3-2, with the bosic blocks of Fig. 3-) identified. 
The comporotor is FET Q,. Any change in the gale-to-source 
bias voltage (dictoted by the standing current estoblished 
by R, ond the supply voltages) will cause a chonge in drain 
current, the chonge being opplied os an error signal to the 
input of the error amplifier. 

The error omplifier consists of grounded emitter stage Q; 
driving emitter follower Oj. The internal output appears at 
the emitter of Q 3 and is fed back to the comparator input via 
modifier (voltage divider) R., R,. For this omplifier, the sys- 
tem output, Vos. can be determined by: 

Vo, =- (1-f 1 V„. 

Since is opproximalely equol to the input voltage V|, 
V; 

then the system gain, ' , is opproximotely equol to I 4 

Vo, 

R2 

R, ■ 



The useful output of the amplifier is the Q, collector signol 
current i,', which flows through R, (in addition to the relatively 
small error current from Qj). Vo« — = ijl, and since V„ is 
approximately equal to V„ and is approximately equal to 



io' then i„ is opproximotely equal to 



R. 



Thus the output 



current vs. the input voltage depends primarily on the goin- 
setting resistor, R,. 



An output voltage con also be obtained by passing t, 

through the load resistor, R,. The overall voltage gain is then 

V„ R 

" , which is opproximotely equal to ’ . 

V| 



Differencial Configuration 

If the lower end of R, is connected to the same point in 
onother identical circuit instead of being returned to ground, 
the result is a differential feedback amplifier with push-pull 
output, which is the configurotion in the Type 7A22. A dif- 
ferential (eedbock omplifier, such as is used in the 15X pre- 
amp, is shown in Fig. 3-3. 

From the previous description, the Ou ond Q,n source 
voltages Vom (o and b) follow the input voltages V„ ond 
V;b respectively, hence ony differential input voltage, V will 
result in o neoriy equol source to source voltage V^., which 

V 

in turn is due to on output signal current i/ “ ”” 

Ri« 4 Rib 
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V, 

Rn 4 R,b 

Note thol FETs hove been used in Q„ rother than NPN 
bipolars as in Fig. 3-2 to avoid loss of signal current from the 
bose lead. The operotion of the amplifier remains unchonged. 



DETAILED CIRCUIT DESCRIPTION 
Input Coupling (See Schematic 1 ) 

Input signals applied to the 4 input connector car^ be AC 
coupled or internally disconnected. When the input cou- 
pling switch, 5101 (see XI5 preamp diagram), is in the 
DC position, the input signal Is coupled directly to the input 
attenuator. In the AC position, the AC signol is coupled 
through coupling copocitor CI01, and the DC component 
is blocked from the input amplifier. The GND position in- 
ternofly connects the gate of the input amplifier to ground. 
This provides o grourtd reference for the omplifier without 
removing the input leads or otherwise disconnecting the input 
signal. 

Resistor R103 allows CI01 to be precharged in the GND 
position so thot when 5101 is switched to the AC position 
with Q high DC level applied, there is no charging current 
surge into the input of the amplifier. Excessive loading is 
olso avoided for the circuit under lest, since the normal im- 
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pedance of I MO-47 pF is slili seen by the signal source. The 
-input switch, S201, functions in the some monner os the 
-finput. 

Input Attenuators 
(See Schematic ) 

To produce the verticol deflection factor irrdicoled on the 
front panel by the VOLTS/ DIV switch, the gain of the 
feedbock amplifier in the goin switched amplifier circuit is 
changed by switching the source resistor |R407] of Q404 
A and 6 (See Schematic 2 ) for switch positions 10;tV to 
10 mV. For switch positions obove 10 mV, input otlenuators 
ore switched by SI 08 into the input circuit of the Type 7A22, 
in conjunction with the goin switching resistors, R407, to 
produce the selected deflection factors. 

These ottenuotors ore frequency-compensated voltage 
dividers. For DC and low frequency signals, they are pri- 
marily resistive dividers (e.g., R108C, RI08D) and Ihe voltoge 
attenuation is determined by the resistonce ratio in the cir- 
cuit. The reactance of Ihe capacitors in the circuit is so high 
at the lower frequencies thot their effect is negligible. How- 
ever, ot higher frequencies, the reactance of Ihe capacitors 
decreases and the attenuator becomes primarily o copa- 
citive voltage divider je.g., C108C, C108D). 

In addition to providing constant attenuation at all fre- 
quencies within the bondwidth of Ihe instrument, the input 
attenuators are designed to maintain the same input RC 
characteristics (1 megohm in parallel with 47 pF) for each 
setting of the VOLTS/DIV switch. Each otfenuotor contoins 
on adjustable capacitor (e.g. C108C) to provide correct at- 
tenuotion at high frequencies, and on adjustable shunt co- 
pacilor to provide correct input capacitance. 

Gate Current Compensation 

The leakage current ossocioled with the gotes of the input 
FEfs may be as high os 100 pA. This 100 pA of leokoge 
current (through I megohm to ground, R111 or R211] will 
produce an offset of 100 ^V, which at high input sensitivities 
is not acceptable. To compensate this effect, the gates of 
Ihe input FETs may be adjusted to zero volts by returning 
R111, R211 through variable controls RI15 and R215 to a 
slightly negotive supply voltage (see Fig. 3-4). 

Leakage current ossociated with the gates of the input 
FETs and Ihe overdrive protection diodes increases rapidly 
with temperature, approximately doubling for every 10*C. 
To compensate this increase, a temperature sensitive input 
current balancing network is included, using thermistors as 
the sensing elements. 

As the voltage ocross R111 and R21I increases due to in- 
creasing FET gate current at increased lemperolures, an equal 
voltage change is produced in the thermistor compensating 
circuit, maintaining the FET gote level at zero volts. 

The gote current compensation becomes inoperative if the 
straps ore removed for high input impedance operation. 

Input Amplifier 

The input amplifier circuit in the Type 7A22 is mode up 
of two identical feedback amplifiers connected in a differ- 




Fig. 3«4. Got* Currtnl ComptmoHon. 



entiol configuration with a push-pull output. The power 
supply voltages (except at Ihe output) for each feedback 
omplifier ore obtained from a power supply that is boot- 
strapped to the common-mode input signol. This improves 
the CMRR of the omplifier. Input overdrive protection is 
provided in Ihe input circuit to prevent domage to the semi- 
corsductors if a large overdrive is inadvertently opplied to 
the input. 

Any amplifier of this type, in which Ihe feedback is token 
to the input element, is likely to exhibit a negotive resistonce 
component of impedance at higher frequencies. If the input 
signal source impedance is inductive with a sufficiently high 
"Q", the amplifier could oscillote. C1I5, Rlld, R117 ond 
C2I5, R217 compensate for this negative input resistance. 

X15 Preamp. The feedback amplifiers in the -I- ond -- 
inputs are identical except for circuit numbers, ond operate 
in a coupled differential mode as described previously under 
feedback amplifiers. 

In Ihe actual circuit (see Schematic 1 ) the -|- feedbock 
amplifier consists of the comparator 0133A, error omplifier 
QI44A, 0153, feedback modifier R151, R153 and output load 
resistor R159. R151 is the gain setting resistor for Ihe ompli- 
fier, and the approximate gain of the amplifier can be de- 
termined by dividing R159 by R151, ( ). 

Diode CR131 is used for temperature compensotion of the 
base-emitter junctions of 0144A and 0144B. This keeps the 
total voltage across the input stage current-setting resistors 
RI33, R233 constant with temperature, Diode CR144 con- 
nected between bose-emitter of 0144A, protects the transistor 
ogoinst reverse base-emitter breokdown. C144 ond C244 
stobilize the circuit at the higher frequencies. 

DC Bolonce. The DC level at the output of Q153, Q253 
is bolonced by R258, SfEP ATTEN DC BAL. The STEP ATTEN 
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DC BAL control chongej the current through R257, R259, there- 
by changing the DC bolance. It li used to adjust the dif- 
ference in potential across the output of the X15 Preomp 
(pins Z end W) to zero with the input coupling switches at 
GND ond the LOW FREQ - 3dB POINT switch set to DC. 

With high frequency common-mode signals the wiring 
stray copocilonce of the X1S preamp con inject undesiroble 
current into the two output lines at high frequencies. C330 
is odjusted to equalize these currents, thus extending the 
frequency range over which useful CMRR can be obtained. 

Floating Power Supply. The supply voltoges for the 
X 1 5 preamp ore obtoined from a choin of Zener diode shunt 
regulotors, VR305, VR320 and VR325 connected in series. 
Current is supplied by two current sources, Q304 ond Q324. 



C307, C317 and C325 filter out the Zener noise. C315 in- 
creases the bootstrop stability at higher frequencies. 

Any common-mode changes thot occur in the input ampli- 
fier, except ot the output, ore coupled to the power supply 
through 0314. 0314 is an emitter follower whose gain is 
mointoined very close to unify by the minimum loading 
presented to its output by the high collector impedonce of 
0304 and 0324, thus ochieving good bootstrap efficiency. 

Common Mode Rejection. One of the primary func- 
tions of the X 1 5 preomp is to reject ony common-mode com- 
ponent in the input signols, ond amplify only the difference. 
In the extreme case of the inputs tied together and o common 
voltage applied, the output of the omplifier is Ideally zero, 
and would actually be zero provided that the characteristics 
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Fi9. 3*6. Input croii ntulrolliotlon. 



of all corresponding elements on the two sides of the ampli- 
fier (see Fig. 3-5) were exoctly matched. In proclice any 
mismotch will cause a differentiol output- Even with perfect 
matching, there is still o common-mode output current re- 
sulting in an undcrsirable common-mode signol applied to 
the subsequent stages of the amplifier (common mode gain). 

The floating power supply eliminates these difficulties ond 
improve the CMR. Suppose the input to the bootstrap ampli- 
fier is connected to the junction of R15I and R25I (see Fig. 
3-5). It con be seen that now the entire power supply ond 
omplifier moves on omount equal to Vcm |ie: follows Vcm) 
ond that no changes in voltage or current levels occur ony- 
where within the amplifier os o result of Vcm, except for 
QIS3 and Q253 droin to gate voltage. Thus the only mis- 
match of impoftonce is that of Q153, Q253 omplificotion 



factors, and being in the third stage of the amplifier at a 
point of relotively lorgc differentiol signal level, this causes 
only a smoll dcgrodolion in CMR. 

At higher frequencies the inevitoble stray capocitances 
from various points in the X1S preamp to ground begin to 
inject significant current into the omplifier os a result of com- 
mon mode signals. The differential capacitor C330, (Fig. 
3-5 or Schematic ^ ) connected from o point in the floating 
power supply to the two output lines, is used to inject od- 
justoble currents into the output. It can be adjusted to equal- 
ize the net output currents resulting from high frequency 
common mode signals and so extend the ronge of frequencies 
over which useful CMRR con be obtoined. 

Cross Neutrolization. The use of a common bootstrap 
power supply results in an undesirable capacitive coupling 
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between the two inputs. Consider the eKect of applying +1 
volt to the +input while keeping the - input ot 0 volts (see 
Fig. 3.6). 

The results are (a) an output current of 4 mA, as shown, 
ond |b] a shift of all supply voltages and several other volt- 
age levels by -f-O.SV due to the divider action of R151, R2S1 
operating into the bootstrapped power supply system, Spe- 
cifically, the droin of OI33B also rises +0.W ond injects 
o current tit, through the drain to gote capacitortce of Q133B 
and into the - input. If there is ony impedance between the 
— input and ground, ijt, will develop o voltage across it 
which, being applied to the input subtracts from the origi- 
nal -f input and couses on erroneous output {see Fig. 3-7}. 

Note thot the output current flowing through R253 causes 
its output end (0253 source) to go to —0.6 V. A capacitor, 
C241, connected from this point to the —input con be ad- 
just to divert i|t, away from the input line (iibl and so neu- 
tralize the effect of and reduce the -input current to 
zero. RI41 and CI4I perform a similar function for the 
f input. 

Input Overdrive Protection. Since the input FETs 0133A 
ond B, being semiconductors can be destroy^ by sufficiently 
large overdrive applied directly to them, some input pro- 
tection is o necessity. The importont components of the pro- 
tection system used in the Type 7A22 ore shown in Fig. 3-8A. 

There ore two different kinds of overdrive associoled with 
the Type 7A22, (a) single-ended overdrive, with one input 
grounded, ond (b) common-mode overdrive, with approxi- 
mately equal input voltages. 

(a) Assume the input grounded ond a steadily increasing 
voltage on the -f-input. The chort in Fig. 3-8B indicotes the 
sequence of events: F119 will open if the -f- signal source 
can supply 1/16 amp of current. If this much current is not 
present, the -{-input remains at -{-I6.SV, with the overdrive 
current flowing to ground as shown in Fig. 3-8. 

Now ossume the -{-input grounded and a steadily in- 
creasing - -voltoge on the -input. The sequence of events 
is shown in Fig. 3-8C. 




Fig. 3-7. EFfccti of high Impodonco >0 ground in >ho — INPUT. 
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(b) For common-mode overdrives the clamping sequence 
is essentially similar, except the XI5 amplifier does not 
overload, and the current i- does rtot flow until the input 
reaches approximately —13V. The fuse opening current 
paths are shown in Fig. 3-8A. 

For differential overdrive the action is o combination of 
the { and single-ended sequences, with the —input sup- 
plying ij. (In effect a 5 kD resistor is connected across the 
inputs when the differential voltoge reoches 3V). The fuses 
will not open until one or both inputs reoch -f 16.5 V or 

16.5 V. 

DC Offset. The purpose of the DC offset system is to 
ollow o differeniiol slidebock meosurement, i.e.; to buck 
out small DC components of input signals and allow the 
amplifier to amplify only the varying components, while 
keeping the differentiol capability. This meons thot when a DC 
voltage is applied ocross the inputs, some meons must be 
found to baionce out the resultant output current. Fig. 3-9 
illustrates how this is done. 

Fig. 3-9A shows the standing currents for zero input. Fig. 
3-9B shows the currents with a 0.25 V DC input applied to the 
{•input. This would cause an io' of 1 mA to flow through 
R1S1, R251. However, if this I mA is supplied os shown by 
the offset generotor, then no net output current results. Both 
the 0133 a and Q133B source currents and the output stand- 
ing currents, i,‘, remain at their zero signal value, 2 mA 
or>d 5 mA res|)ectively. 

Offset Generator. The offset generator produces the 
odjustoble balanced offset current for use in the XI5 preamp. 
Due to the wide range of the offset system (200,000 div ot 
10 /iV per div) stable components are used and circuit tech- 
niques which minimize drift and noise are employed in the 
offset generator. A 10 turn coarse ond 1 turn fine OFFSET 
control is used to obtain adequate resolution ot low deflec- 
tion factors. 

The functionol arrangement of the offset generator is 
shown in Fig. 3-10. In the reference voltage generator the OFF- 
SE1 control, R270, taps an adjustable portion (Vit,) of the 
voltage across the reference Zener VR270, and a fixed volt- 
09* (ViJ is taken from the voltoge divider formed by R271, 
R279 (opproximately 50% of the reference voltage); thus, the 
difference voltoge iv,b— V,J is odjustoble over the ronge of 
at least —4 V to h4 V. 

This adustoble difference voltage is applied to the inputs of 
a balanced feedback amplifier conceptually similar to that 
described previously under differential configurotion. In om- 
plifier "A", the feedback oction forces the -input voltoge 
(also the output voltage] V}, to follow the -f- input V„. In o 
similor monner, V*b follows Vjt in omplifier '"B". The differ- 
ential input |V]b~ V,J is therefore reproduced across resistors 

R287, R289. The resultant current, oiort, which is 

R287-|-R2o9 

"•ortMi''. flows through the FET (Q273, Q263) output stages 
of the amplifier and out their drains to the X15 preamp. 

When the offset is not in use Vib is switched to the fixed 
divider (R273, R277) by the OFFSET ON/OFF switch (part of 
the LF — 3dB POINT switch). V„ is adjustable over a small 
range with respect to V,b by the COARSE DC BAL control, 
whose purpose is to adjust out any initial DC unbalance in 
the X1S preamp, and to bring its oulput to zero with zero 
input. 
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In the actual circuit, the reference voltoge generotor is 
modified by the addition of o FINE OFFSET control (R265), 
which changes the effective ronge of the 10 turn COARSE 
potentiometer by means of two voltage dividers, one con- 
nected to each end of the COARSE control. A capacitor 
fillers out Zener noise from the reference voltage. 

The feedback omplifiers A and B ore composed of Q264A, 
Q273 and Q2646, 0283 respectively, with the reference in- 
put applied to the emitters of dual tronsistor 0264 ond the 
feedbock to its bases. Current source 0284 supplies oper- 
ating current for the amplifiers. 



Input Overdrive Indicator. When the LF 3dB POINT 
selector is in o position other than DC, there is no on-screen 
indication of the DC conditions in the X15 preamp, and it 
may be driven into non-linearity or overload by o DC com- 
ponent, leading to erroneous displays. The input overdrive 
indicator detects this condition ar^ indicates by means of a 
warning light thot the X15 preomp is opproaching the limits 
of its dynomic ronge. 

The indicotor consists of a threshold detector (CR341, 
CR343, 0344| and a monostoble lamp driver (Q334, Q354). 
In the quiescent stole, while no overdrive exists, CR341, 
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Fig. 3*9. sydem ihowing lAl Conditloni with itro IB) 0.25 V DC offitl. 



CR343, 0344, 0334 ond 0354 are all cu^ off. R341 and 
R343 form a voltage divider to set the emitter of the threshold 
detector, 0344, at approximately -t-32 V. 

Now suppose one of the XI5 preamp output lines exceeds 
-f 33.4 V; CR34I (or CR343) ond 0344 collector current turns 
on 0334 via R347. Q334 collector current turns on 0354 via 
R333, and the resulting negative going step at 0354 collector 
turns on the lamp. This causes current in R349 to turn 0334 
on harder. If the overdrive is removed immediately, 0344 
turns off. However, the current through C349, R349 keeps 
0334, 0354 and the lomp on until C349 is charged to its 
new voltage (approximately I second) and the current 
through R337 exceeds thot in R349, R337. This keeps 0334 
off for opproximotely I second, even if 0344 receives on- 
other overdrive signol.. Thus for repetitive overdrives, (up 
to about 10 kHz), the monostable free-runs ond the lamp 
flashes ot opproximotely a 2 second rote. (Above 10 kHz the 
high speed AC effectively charges up the stray capacitance 
and mokes the circuit oct as if it hod o DC overload.) If, 
however, a DC overload keeps 0344 on, the end of C349 
dischorge does not turn 0334 off since it is kept on by cur- 
rent through R347. Thus, the lamp stays on until the over- 
drive is removed. 

LF — 3 dB POINT Selector. This switch selects the low 
frequency — 3dB point of the amplifier and hos a range of 
O.t Hz to 10 kHz in decade steps. Selection is done by switch- 
ing the resistor and capacitor of o pair of capacitor couplings 
in each leg of the amplifier. Fig. 3-11 shows holf of the 
selector, with the switch split up into its functional elements. 



For the 100 Hz to 10 kHz positions, C156 is used and re- 
sistors R353C, R353B and R353A are switched to the output in 
the following combinations; 



-3dB frequency 


100 Hz 


1 kHz 


10 kHz 


output resistors 


R353C 


R353 & R353B 


R3^C & R353A 



Whenever R353A or R3536 is not on the output side of 
Cl 56, it is placed across the input, to keep the high frequency 
lood resistance seen by Vin constant. 



C353A is switched across Cl 56 for the lower 3 ranges, 
(0.1 Hz, 1 Hz arvd lOHz) ond CI56 is shorted out for DC 
coupling. Resistor RI57 adds o small increment in gain when 
CIS6 is used to compensate for the loss of gain through the 
copacitive divider formed by Cl 56 and stray capacitance 

C.- 

When the 0.1 Hz to 10 Hz positions ore in use, C353A may 
be rapidly pre-charged by switching to the 10 Hz position 
momentorily. 



OUTPUT AMPLIFIER (See Schematic ) 

Gain Switching Amplifier 

The gain switching omplifier [Q404, Q414, Q424, Q524) is 
a bolanced differentiol configuration very similar to the XI5 
preamp but with a fixed power supply. Coin switching is 
accomplished by switching R407. 
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Diodes CR413, CR513 prevent base-emitter reverse break- 
down in Q414 under overdrive conditions; CR419, CR519 limit 
the output current that con How through 0424, 0524. CR415, 
CR417 and CR515, CR517 prevent the bases of 0424, 0524 
from swinging too for from the emitter, preventing breakdown 
and ensuring o fast, cleon overdrive recovery. The AC STEP 
ATTEN BAL adjustment {R505) in series with the source of 
O404B, develops o small adjustable voltage which removes 
any initial unbalance in the gote-to-source voltages of 0404 
A & B. The AC STEP ATTEN BAL olso sets the volfoge across 



gain-setting resistor R407 to zero when the differentiol input 
(gate-to-gote] voltage is zero. 

VAR BAL (R425) is used to bolance the output currents of 
0424 ond 0524 with zero input to the amplifier. 

The gain switched amplifier hos excellent overdrive charoc- 
teristics so that the full dynomic range of the input amplifier 
con be used. It is gain-switched over a range of about 
1,000:1 with no significoni chonge in bandwidth or ony other 
characteristics. 
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HF -3 dB POINT Selector. The HF 3dB POINT se- 
lector simply switches different values of copacifonce across 
the output of the gain-switched stoge to set the high fre- 
quency — 3d6 point of the amplifier. The — 3dB point is 
adjusted in the I MHz position by C425. 



Variable Output Stage 

The variable output stage (Q434, Q534) does not contribute 
much voltage gain, but it performs a number of other furK- 
tions. The configuration is a collector looded, common emit- 
ter amplifier with emitter degenerotion, the gain (collector 
signol current vs. input voltage] being determined by the total 
emitter to emitter resistance. This resistance is adjusted over 
0 2.5:1 range by the VAR control, R535, which provides o 
fine control of gain in the unealibroted position, ond inter- 
polates between the steps of the VOLTS/DIV switch. 

POSITION control is obtained by feeding adjustable cur- 
rents into the emitters of 0434, 0534, vio resistors R431, R531. 
This current adds to or subtracts from the signal current de- 
veloped in the emitter resistors R432, R535, RS32, and flows 
out of the collectors into the signal and trigger output om- 
plifiers. 



Signal Output Amplifier 

The signal output amplifier (0444, Q544) is a push-pull 
common emitter configuration with emitter degeneration to 
improve the stobilify ond linearity of the circuit. The gain of 
the stage is determined by the totol emitter-to-emitter re- 
sistance, which is adjustable by GAIN control (R540) to focili- 
tate colibration of the instrument. The gain of the omplifier 
is set in the 1 mV position of the VOLTS/DIV switch. 

R443, R543 equolize the power in 0444, 0544 under dy- 
namic conditions, thereby eliminating thermal distortion. C443, 
C543 ore high-irequency by-pass capacitors. 



Trigger Output Amplifier 

The trigger output stage (0454, 0554] is olmost identical 
to the signal output stoge, except the stage gain is not ad- 
justable, so that the output, while nominally the same as the 
signal output level, can in fact have quite o wide toleronce. 



INDICATOR OSCILLOSCOPE 
READOUT 

General 

The readout block consists of switching resistors ond a 
probe sensing device. The switching resistors ore used to 
signal to the Indicofor Oscilloscope the setting of the VOLTS/ 
DIV switch. R6I8A, R618B, and R6I8G select the number I, 2, 
or 5 depending upon the comblnotion thol is switched in. 
R6I8C, R618D, R6I8L, ond the output of the probe sensing 
device (0614) select the decimol point (number of zeroes) 
again depending on the switched-in resistor combination, 
R618E, R61BF, ond R618N select the Volts sub-unit, either m 
(milli), IX (micro), or no sub-unit. R618H ond R616K select 




F 19 . 3*11. Portiol Low Froquoncy ^3 dB Point leUclor ^or ^ Input 
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the symbol V (volts). R61BJ and R618M select the symbol > 
when the VARIABLE VOLTS/DIV knob is in the unealibroted 
position. Refer to the Schematic Diagram of the VOLTS/DIV 
Switch to find the resistors associated with o particular set- 
ting of the VOLTS/DIV switch. 



Probe Sensing 

The probe sensing device (Q614) identifies the attenuation 
of the probe connected to the front ponel connector, by 
sensing the omount of current flowing from the current sink 
through the probe coding resisfonce, ond odjusts the reod- 
oul display so that the ocluol probe lip deflection factor is 
displayed. 

The probe connected to the 4 (or - ) INPUT connector 
forms o voltage divider with R6I0 (R620) through CR6I5 to 
the --'15V supply. This forward biases CR610 (CR620) al- 
lowing current to flow through R630, reducing the bios on 
0614. The bios voltage, applied to the base ol 0614, is set 
by the probe coding resislonce of the divider probe. 

When the - 15 V clock pulse is applied to interface con- 
nector B33, 0614 is interrogated and its collector currents 
(detrmined by the base voltage ond emitter resistor, R6I4) 
is added to the column current through interface connector 
A37. 
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With o 1 X probe (or no probe) connected, 0614 is turned 
off, and the deflection foctor, in the readout display, is de- 
termined by the setting of the Reodoui Switch, 5407, (port 
of the VOLTS/DIV switch) only. 

With a lOX probe connected to the input |+ or ~), the 
bias on 0614 will allow 100 /(A of collector current to flow. 
This increases the deflection factor (in the reodout display) 
by a foctor of 10. 

When different-attenuation divider probes ore connected 
to the 4- and - INPUT connectors, the displayed readout 
will be the probe tip deflection factor of the larger divider. 
For example: if o 10X probe is connected to the f INPUT 
ond 0 lOOX probe is connected to the —INPUT the reodout 
will display the deflection factor at the tip of the 100X 
probe. The 100X probe will set the bias on Q614 to allow 
200 /(A of collector current which will increase the deflection 
foctor (in the readout display) by a factor of 100. 

This means that the Indicotor Oscilloscope displayed read- 
out will give the correct deflection factor from the probe tip, 
for a single probe or two probes hoving the same attenuation 
foctor, whereas the VOLTS/DIV knob on the plug-in will dis- 
play only the plug-in deflection factor. 



Trace tdenHfy 

The TRACE IDENTIFY button, when pressed, does two 
things: 

1. It causes the trace, representing the output of the Type 
7A22, to move a small amount by inserting o 2 kQ resistor, 
R622, from ground through CR630 to the [unction of R632 and 
R634. This shunts a small amount of the output current 
causing the trace to move. 

2. Forms a voltage divider from the 15 V supply through 
R630 and R622, placing the base of Q614 ot approximately 
- 1.5V. This low volue of bias will cause Q614 to turn on 
hard (1,000/cA collector current) when interface connector 
B33 is interrogated, erasing the readout disploy ond causing 
the word "IDENTIFY" to appear. 

These two octions oid in identifying the Type 7A22 trace 
when multiple Iroces ore disployed. When the IDENTIFY 
button is releosed, the readout is restored to its previous 
display. 

For more specific informotion on the operolion of the 
system, refer to the oppropriate Indicator Oscilloscope 
manuol. 
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SECTION 4 
MAINTENANCE 



Type 7A22 



Change information, if any, affecting this section will be found at the 
rear of the manual. 



Introduction 

Informotion which will aid in keeping the Type 7A22 op- 
erating at its peok performonce is contained in this section. 
Cleoning, lubricoting ond visuol inspection hints are included 
under preventotive mointenance. the section on corrective 
maintenance includes troubleshooting ortd corrective pro- 
cedures. Parts identification and soldering techniques are 
included where necessary. 



PREVENTIVE MAINTENANCE 

General 

The instrument should be cleaned, inspected and recali- 
brated at regulor intervals. The recommended interval for 
average operating corsditions is every 6 months or every 
1000 hours of operation, whichever occurs first. 



Cleaning the Front Panel 

Loose dust may be removed with cloth and a dry paint 
brush. Woter and mild detergents such as Kelite or Spray 
White may be used. 

CAUTION 

Avoid the use of chemical agents which might 
damage the plastics used in this unit. Avoid chemi- 
cals such as benzene, toluene, xylene, acetone or 
similar solvents. 



Cleaning the Interior 

Cleaning of the interior of the unit should precede cali- 
bration, since the cleoning process might olter the settings of 
the colibrotion adiustments. 

To clean the interior, use low-velocity compressed air to 
blow off the accumuloted dust. High velocity oir streams 
should be avoided to prevent damage to components. 

WARNING 

Use an eye-shield when cleaning with pressurized 
air. Hardened dirt can be removed with o paint 
brush, cotton tipped swob or cloth dampened with 
a water and mild detergent solution. Avoid the use 
of chemical cleaning agents that might damage 
the plastic parts. 



Visual Inspection 

The unit should be inspected occosionolly for such defects 
as poor connections, broken or damaged circuit boards, im- 
properly seated transistors and heat-damaged parts. The 
remedy for most visible defects is obvious. However, damage 
from overheoting is usually a symptom of less obvious trouble; 
and unless the couse is delermin^ before ports ore replaced 
the damoge may be repeated. 



Transistor Checks 

Periodic preventive maintenonce checks on the transistors 
used in the unit ore not recommended. The circuits within 
the unit generolly provide the most satisfactory means of 
checking transistors usability. Performance of the circuits is 
thoroughly checked during recalibration, and substandard 
tronsistors will usually be detected at that time. 



Calibration 

To insure accurate meosurements, the Type 7A22 calibra- 
tion should be checked after each 1000 hours of operotion or 
every six months if used intermittently. Complete calibration 
instructions are contoined in Section 5. 

The calibrated procedure can be helpful in isolating 
mojor troubles in the unit. Moreover, minor troubles not 
oppareni during regular operotion may be revealed and 
corrected during calibration. 



CORRECTIVE MAINTENANCE 

General 

Replacement of some parts in the unit should be done 
by following a definite procedure. Some procedures, such 
os soldering and replacing components on the circuit boards, 
are outlined in this portion of the manuol. 

Many electrical components ore mounted in a particular 
way to reduce or control stroy copocitonce ond inductance. 
When selecting replocement parts, it is important to remem- 
ber thot the physical size and shape of o component may 
offeci its performonce ot high frequencies. When a repair 
is mode, calibration ond performance of the relevont por- 
tions of the circuit should be checked. Refer to Table 4-1 
and to the Performonce Check/Calibration procedure in 
Section 5 and perform the applicable steps. 
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TABLE 4-1 



Areas 

of 

Repair 


Checks and 
Adjustments 
Affected 


Section 5 
Colibration 
Step 


Input Coupling 
switches and cobles 

Input Atlenuotors 


Input R ortd C, 
Attenuator com- 
pensation, CMRR, 
LF response. Gain 


6, 13, 14, 15, 16, 
17, 16, 19, 30, 
31, 33 


Preomp 


1 X input C, Cross 
Neutralization, DC 
BAL, CMRR Com- 
non-Mode dynam- 
ic range, Differen- 
liol dynamic range, 
Offset ronge, 
Noise, Input pro- 
tection system 
Gain, 1 MHz freq. 
response, Over- 
drive indicator 


3, 6, 10, 11, 13 
13, 14, 30, 33, 
33, 34 


LF 3dB POINT 


Goin, LF freq. re- 
sponse, 1 MHz 
freq. response 


6, 30, 31 


Overdrive Indicator 


Dynamic range 


33. 34 


Gain Switched Amp 


Gain, Deflection 
factor fracking, AC 
AHen Bal, HF —3 
dB POINT, 1 MHz 
freq. response, 

1 Overdrive recov- 
ery Varioble Bal- 


1, 2, '6, 8 
30, 36 




once 




Offset Generator 


' Offset Range, DC 
Bal, CMRR 


i. 16, 23 


Output Amplifier 


HF -.-3dB POINTS, 
Vor botonce, Vori- 
able range. Gain 


2, 6, 7, 20 



Obtaining Replacement Parts 

Standard Paris. All electrical and mechanical part re- 
placements for the Type 7A33 can be obtained through your 
local Tektronix Field Office or representative. However, 
many of the standard electronic components can be ob- 
tained locolly in less time then is required to order them 
from Tektronix, Inc. Before purchasing or ordering reploce- 
ment parts, check the ports lists for value, tolerance, rating 
and description. 

NOTE 

When selecting replacement ports, it is important 
to remember that the physical size and shape of 
the component may affect its performance in the 
instrument, porticularly at high frequencies. All 
replacement ports should be direct replocements 
unless it is known that o different component will 
not odversely affect instrument performance. 

Special Parts. Some ports are manufactured or selected 
by Tektronix to sotisfy particulor requirements, or ore monu- 
factured for Tektronix to our specifications. These and most 



mechanical parts should be ordered through your Tektronix 
Field Engineer or Field Office. See Ports Ordering Informa- 
tion and Special Notes and Symbols on the page immedi- 
ately preceding Section 6. 

Soldering Techniques 

Circuit Boords. Use ordinary 60/40 solder and o 35- 
lo 40-watt pencil type soldering iron on the circuit boards. 
The tip of the iron should be clean and properly tinned 
for best heat transfer to the solder joint. A higher wattage 
soldering iron may separate the etched wiring from the 
base material. 

The following technique should be used to replace a 
component on the circuit board. Most components con be 
reploced without removing the board from the unit, 

I. Grip the component lead with long-nosed pliers. Touch 
the soldering iron to the lead ol the solder connection, Do 
not touch the soldering iron lip directly on the board, as 
it may damoge the boord. 

3. When the solder begins to melt, pull the lead out 
gently. This should leave o cleon hole in the board. If not, 
the hole con be cleaned by reheating the solder and plac- 
ing 0 sharp object, such os a toothpick or pointed tool, 
into the hole to clean it out. 

3. Bend the leods of the new component to fit the holes 
in the boord. Cut the leads of the new component to the 
some length os those of the old component. Insert the leods 
into the board until the component is firmly seated against 
the boord, or os positioned originally. If it does not seat 
properly, heot the joint, and gently press the component 
into place. 

4. Apply the iron ond o small amoni of solder to the con- 
nection to moke o firm solder joint. To protect heot-sensitive 
components, hold the leod between the component body 
□nd the solder joint with o poir of long-nose pliers or other 
heat sink (see Fig. 4-1). 

5. Clip the excess lead that protrudes through the board. 

6. Clean the area around the soldered connection with 
flux. remover solvent to maintain good environmental chor- 
octeristics and appearance. Be careful not to remove in- 
formation printed on the board. 




FI 9 . 4-1. R«movin 9 or ropledn 9 componeni on circuit board. 
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CAUTION 

Silk-screen lettering dissolves when contacted by 
flux-remover. 



|. Remove the two screws securing the AC-GND-DC 
switch to the front sub-panel ond remove the switch, 
k. Reploce by reversing the obove procedure. 



Metal Terminals. When soldering metal termirtols (inter- 
connecting plug pins, switch terminols, potentiometers, etc.) 
ordinary 60/40 solder can be used. The soldering iron 
should have a 40- to 75-wott rating with a '/• inch wide 
chisel-shaped tip. 

Observe the following precoutions when soldering to 
metal terminals; 

1. Apply heat only long enough to make the solder (low 
freely. 

2. Apply only enough solder to form a solid connection; 
excess solder may impair the function of the part. 

3. If o wire extends beyond the solder joint, clip the ex- 
cess dose to the joint. 

4. Cleon the flux from the solder joint with a flux-remover 
solvent to mointain good environmental charocteristics ortd 
oppeoronce. 



Specific Component Replacement Information 

WARNING 

Disconnect the instrument from the power source 
before removing or replacing components. 

The pushbutton switches ore not repoirable and should 
be replaced if defective. Components which are mounted 
on the circuit boord associated with the pushbutton switch 
can be replaced using the normal replacement procedure. 
See the informotion under Light-Bulb Replacement for bulb 
replacement. Use the following procedures to replace the 
-t-INPUT and —INPUT pushbutton switches. 



1. AC-GND-OC (-HNPUT) Switch 
0 . Set the front panel controls os follows: 



POSITION 

STEP ATTEN DC BAL 
VOLTS/DIV 
HF ~3dB POINT 
LF -3dB POINT 
DC OFFSET (FINE) 

DC OFFSET (COARSE) 



Midrange 
Midronge 
lOV 
1 MHz 
DC OFFSET 
Midronge 

5 turns from either extreme 



b. Remove all front ponel knobs. 

c. Remove the GND binding post assembly. 

d. Remove the nut and washer from the POSITION ond 
DC OFFSET sholts, 

e. Remove the plastic bushing from the VOLTS/DIV shaft. 

f. Remove the front ponel overlay. 

g. Without unsoldering any leads, carefully push the 
dual DC OFFSET potentiometers out of the front panel and 
lift them out of the woy. 

h. Unsolder and unplug the connecting leads from the 
AC-GND-DC switch. 

i. Remove four corner screws and remove the front sub- 
panel. 



2. AC-GND-OC ( — INPUT) Switch 

a. Perform step 1, parts a through f, of Specific Compo- 
nent Replacement. 

b. Loosen the setscrew on the collor connecting the GAIN 
shaft to the pot coupler ond pull the shaft out of the front 
ponel. 

c. Unsolder ond unplug the connecting leads from the 
AC-GND-DC switch. 

d. Remove the four corner screws and remove the front 
sub-panel. 

e. Remove the two screws securing the switch to the front 
ponel. 

f. Remove the switch. 

g. Replace by reversing the above procedure. 

3. Light-Bulb Replocement, -(-INPUT and —INPUT 
Push-Button Switches 

Two types of pushbutton switches which hove different 
light designs are in use. One switch design uses o metal 
cover over the light bulb(s) on the back of the switch; the 
other type does not. Either or both types of switches moy 
be used in the 7A23. 

To replace light bulbs in the pushbutton switches, use the 
following procedure: 

0 . Remove the applicable INPUT switch as described in 
steps 1 and 2. 

b. On switches with the metal cover, remove the screw 
holding the cover ortd remove the cover. 

c. Clip off the bulb leods neor the bulb body. 

d. Remove the leads from the circuit board. 

e. Remove the excess solder from the circuit board with 
a vacuum-type desoldering tool. 

f. Solder the new bulb to the circuit boord (replace 
cover). 

g. Replace the switch in the instrument. 

4. Bandwidth Circuit Boord 

a. Set the LF and HF - 3dB POINT Selectors to either 
extreme. 

b. Loosen the setscrews securing the LF — 3dB POINT 
shoft to the collar on the cam switch. Poll the shoft forward 
until it clears the collar. 

c. Loosen the setscrews securing the HF — 3dB POINT 
shaft to the collar on the cam switch. Pull the shoft forward 
until it cleors the bandwidth board. 

d. Loosen the setscrew securing the GAIN shaft to the 
collor on R540. Pull the shoft forward until it clears the band- 
width circuit board. Loosen the setscrew securing the collar 
to R540 and remove the collar. 

e. Loosen the four circuit board retaining screws and lift 
out the Bandwidth Circuit Board. 

f. Unclip the leads from solderless connectors A, AN, 
AP, AO, and D. 

g. Replace by reversing the above procedure. 
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CAUTION 

Repair of cam-type switches should be undertaken 
only by experienced personnel. Switch alignment 
and spring tension of the conlocts must be care- 
fully maintained for proper operation of the switch, 
for assistance in maintenance of the cam-type 
switches, contact your local Tektronix Field Office 
or representative. 

5. Corrt-Type Switches 

NOTE 

A cam-type switch repair kit including necessary 
tools, instructions and replacement cantaets is a- 
vailable from Tektronix, Inc. Order Tektronix Part 
No. 040-0541-00. 

The corn-type switch consists of o rotoling com, which is 
rotated by a front-panel knob, ond o set of contacts mounted 
on the adjocent circuit board. These switch contacts are ac- 
tuated by lobes on the com. The VOLTS/DIV, LF — 3dB 
POINT and HF 3dB POINT corn-type switches con be 
disossembled for inspection, cleaning, repair or replocement, 
os follows; 

A. LF -3dfl POINT ond HF -3dB POINT Switches 

1. Remove the Bondwidih board os described in step 4. 

2. Remove the two screws which hold the metol covers 
in place. (The front switch on the Bortdwidth board is the 
LF - 3dB POINT Selector ond the reor switch is the HF 

3dB POINT Selector). The switches ore now open for 
cleaning or inspection. 

3. To completely remove either of the two switches from 
the board, remove the four screws (from the back side of 
the board) which hold the cam assembly to the circuit 
board. 

4. To remove the com from the front support block, 
remove the retoining ring from the shoft on the front of the 
switch and slide the cam out of the support block. Be 
careful not to lose the smoll detent roller (between detent 
and detent spring). 

5. To reploce defective switch contocts, unsolder the 
damaged contact and cleon solder from the hole in the 
circuit board. Position the new contact in the hole in 
proper alignment relative to the other switch contacts and 
with the mating oreo on the circuit board (alignment tool 
provided in switch repair kit). Solder the new contact into 
place; be sure that the spring end of the contact has ade- 
quate clearance from the circuit boord. 

6 . To re-install the switch assembly, reverse the above 
procedure. 

B. VOLTS/DIV Switch 

1. Remove the Bandwidth board as described in step 4. 

2. Remove the two screws which hold each of the 
metal switch covers in place. 

3. Push the VARIABLE (CAL IN) to the TN' position. 



4. Loosen the set screw which secures the VARIABLE 
shoft to the VARIABLE control ossembly. 

5. Pull the VARIABLE shaft through the front of the in- 
strument. 

6. Remove the 4 screws (from the rear side of the boord) 
which hold the rear cam assembly to the circuit board. 

7. Remove the rear cam assembly. 

To remove the front cam-switch ossembly, perform the pre- 
ceding steps and then proceed as follows; 

1. Remove the VOLTS/OIV knob. 

2. Loosen the '/j-inch hex bushing nut which secures the 
front support block. 

3. Remove the plastic bushing from front of panel. 

4. Remove the retaining ring from the shaft at the front 
of the switch. 

5. Remove the 4 screws which secure the support blocks 
to the boord. 

6. loosen the 2 set screws in the half of the flexible 
coupling ar>d remove coupling. 

7. Remove the rear support block by carefully lifting the 
block awoy from the circuit board far enough to clear the 
alignment projection on the bottom of the block. Care- 
fully slide the rear block toword the rear (off the shaft). 

8. Slide the cam shoft carefully (keep cam lobes clear 
of contacts) out of the front support block ond bushing 
assembly. 

9. To re-ossemble, reverse the above procedure. 

6. Interconnecting Pins 

Interconnecting pins are used on the Type 7A22 to inter- 
connect circuit boards. When interconnection is made at a 
circuit boord, the pin is soldered into the board. Two types 
of mating connectors are used for these interconecting pins. 
If the mating conector is mounted on a plug-on circuit board, 
a special socket is soldered into the board. If the mating con- 
nector is on the end of o lead, on end-lead pin connector 
(which mates with the interconnecting pin] Is used. The fol- 
lowing informotion provides the replacement procedures for 
the types of interconnecting methods. 

A. CIRCUIT-BOARD PINS 

NOTE 

A pin replacement kit including necessary tools, 
instructions and replocement pins is available 
from Tektronix, Inc. Order Tektronix Port No. 
040-0542-00. 

To replace a pin which is mounted on a circuit boord, 
first disconnect any pin connectors. Then unsolder the dom- 
aged pin ond pull it out of the circuit board with a pair of 
pliers. Be careful not to damage the wiring on the board 
with too much heat. Ream out the hole in the circuit board 
with a 0.031 -inch drill. Then remove the ferrule from the new 
interconnecting pin ond press the new pin into the hole in 
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the circuit boord. Position the pin in the some manner as the 
old pin. Then, solder the pin on both sides of the circuit 
board. If the old pin wos bent at an angle to mate with a 
connector, bend the new pin to motch the associoted pins. 

B. CIRCUIT-BOARD PIN SOCKETS 

The pin sockets on the circuit boards are soldered to the 
rear of the board. To replace one of these sockets, first 
unsolder the pin (use a vocuum-type desoldering tool to re- 
move excess solder). Then straighten the tabs on the socket 
and remove it from the hole in the circuit board. Place the 
new socket in the circuit boord hole and press the tabs down 
against the board. Solder the tabs of the socket to the cir- 
cuit board; be careful rrot to get solder into the socket. 

NOTE 

The spring tension of the pin sockets ensures a 
good connection between the circuit board and 
the pin. This spring tension con be destroyed by 
using the pin sockets os connecting points for 
spring-looded probe tips, alligator clips, etc. 

C. END-LEAD PIN CONNECTORS 

The pin connectors used to connect the wires to the inter- 
connecting pins ore clamped to the ends of the associoted 
leads. To replace damaged end-lead pin connectors, remove 
the old pin connector from the end of the lead and clamp 
the replacement connector to the leod. 

Some of the pin connectors ore grouped together and 
mounted in a plastic holder; the overall result is that these 
connectors are removed and re-installed as o multi-pin con- 
nector when it is replaced. An arrow is stamped on the cir- 
cuit boord and o motching arrow is molded into the plastic 
housing of the multi-pin connector. Be sure these orrows are 
aligned as the multi-pin connector is replaced. If the indi- 
vidual end-leod pin connectors ore removed from the plastic 
holder, note the color of the individual wires for replacement. 



TROUBLESHOOTING 

introduction 

The following informotion is provided to facilitate trouble- 
shooting of the Type 7A22. Information contained in other 
sections of this manual should be used along with the fol- 
lowing informotion to aid in locating the defective compo- 
nent, An understonding of the circuit operation is very 
helpful in locoting troubles. See the Circuit Description 
Section for complete informotion. 

General 

If trouble occurs in the Type 7A22, the following pro- 
cedure is recommended to occomplish rapid and effective 
repoirs. 

1. Check that the plug-in unit and the oscilloscope con- 
nectors ore not damaged, and that the plug-in unit is 
properly inserted. 



2. Inspect the front panels of the Type 7A22 ond indicator 
oscilloscope to be sure that the trouble is not from an in- 
correct control setting. 

3. insure that the indicotor oscilloscope is not at fault 
by inserting o known-good plug-in unit and checking its 
operotion. 

4. Determine oil trouble symptoms. 

5. Perform a visual Inspection of the Type 7A22. 

6. Repair or replace obviously defective parts. 

7. Troubleshoot the Type 7A22 os necessory. 

8. Recalibrote the Type 7A22. 

Indicator Oscilloscope 

The quickest check of the oscilloscope is to use it with 
0 good plug-in unit, or check the questionable plug-in with 
another oscilloscope. Refer to the oscilloscope manual to 
verify proper operation of the oscilloscope. 



Operating Procedures and Control Settings 

Refer to the Operating Instructions Section of this manual 
to verify operating procedures ond front panel control set- 
tings of the Type 7A22. 



Trouble Symptoms 

The Type 7A22 response to all front ponel controls should 
be observed. The first-time operation in Section 2 or the 
Performance Check in Section 5 moy be used for this pur- 
pose. All trouble symptoms should be evaluated ond com- 
pared ogoinst each other. A cosuolty will often create a 
combination of symptoms that, when considered together, 
will pinpoint the trouble. 



Visual Inspection 

In physically examining the Type 7A22, take special note 
of the area indicated by evoluotion of symptoms. Look for 
loose or broken connections, improperly seated transistors 
ond burned or otherwise damaged ports. Repair or replace 
all obviously defective components. 

Calibration Check 

Troubles con frequently be located and corrected by re- 
colibroting the instrument. Unless the casualty has definitely 
been isoloted to o specific circuit, it is recommended that 
the colibrolion procedure contained in Section 5 be per- 
formed to provide o logical circuit troubleshooting sequence. 

DETAILED TROUBLESHOOTING 

General 

If the cosuolty bos not been disclosed and corrected 
through the procedure outlined, a detailed troubleshooting 
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analysis will hove >o be performed. The Circuit Description 
Section, the Schematic Diagrams, and the troubleshooting 
aids contained in this section are designed to expedite 
troubleshooting. 

The Circuit Description Section provides a fundamental 
understanding of circuit operation and is referred to the 
Schematic Diagroms. The Schematic Diagroms contain volt- 
age and resistance values end signal woveforms. The spec- 
ified operoting conditions should be duplicated before mok- 
ing voltage or waveform comparisons. 

NOTE 

Voltages and waveforms may vary slightly be- 
tween instruments. Those given in the schematics 
should be checked against each instrument while 
it is operating properly. Deviations should be 
noted on the schematics for later reference. 

Test Equipment Recommended for 
Troubleshooting 

The lest equipment listed here should suffice for most 
troubleshooting jobs. Test equipment required for coli- 
bralion is listed in the Calibration Section. 

High Impedance Voltmeter (20,000 0/V DC or greater) 
Ohmmeter (2 mA or less current on the X 1 kO scole) 
Test Oscilloscope and Probes 
Flexible Plug-in Extension Cable 
Dynomic Transistor Tester 

DC Balance Check 

A properly operating oscilloscope will have its trace cen- 
tered verticolly on the CRT only when the Type 7A22 has 
0 bolonced output. The Type 7A27 is a bolonced amplifier 
connected in o differential configuration, with the -{-INPUT 
circuit being electrically identical to the - INPUT circuit. 
With no signal or comportson voltage applied to the FET 
goles, any point in the -f INPUT circuit should have a po- 
tential equol to on identical point in the —INPUT circuit. 

If the CRT trace is deflected as a result of a Type 7A22 
problem, unbalances will exist between the two circuits. The 
unbalance con be detected by connecting a high impedance 
voltmeter between identical points in the two circuits. 

An aid to this process is to short together the inputs of the 
stage being checked as shown in this example. 



Stage 


Devices 


Short Together 


Signal Output 


0444, Q544 


QM4, boses 


Trigger Output i 


Q454, Q554 


Q454, 0554 bases 


Variable Stoge 


Q434, 


0434, 0534 bases 


Gain Switching 
Amplifier 


Q404A, Q404B, 
Q4I4A, Q414B, 
Q424, Q524 


Front ends of R40I ond 
R50I 


Input Amplifier 




AC-GND-DC switches 
; to GND 



If the output balance is checked first and is in error, work 
toward the front until on unbalance no longer exists. This 
localizes the trouble to the circuitry between the points which 
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ore balanced and the points which ore unbalanced. The 
individual components must then be checked. 

Troubleshooting by Direct Replacement 

Semi-conductor failures account for the majority of elec- 
tronic equipment troubles. The ease of replacing transistors 
often makes substitution the most practical means of repair. 
If this method is used, these guide lines should be followed: 

Determine that the circuit is safe for the substitute com- 
ponent. 

Use only substitute components that ore known to be good. 

Remove the plug-in from the oscilloscope before substitut- 
ing components, to protect both you and the equipment. 

Be sure components are inserted properly. 

Check operation after each component is replaced. 

Return good components to their original sockets. 

Check calibration after a bod component hos been re- 
ploced (see Table 4-1). 

Component Checks 

Transistors 

The best means of checking a transistor is by using a 
tronsistor curve disploy instrument such as the Tektronix 
Type 576. If o tronsistor checker is not reodtiy avoiloble, 
Q defective transistor con be located by signal trocing, by 
moking in-circuit voltage checks, by measuring the tronsistor 
resistances or by the substitution method previously described. 

When troubleshooting using a voltmeter, measure the 
emitter-lo-base and emitter-to-collector voltoges to determine 
whether the voltages are consisenf with normol circuit volt- 
ages. Voltoges across o tronsistor vary with the device and 
its circuit function. Some of these voltoges ore predictable. 
The bose-emilter voltage of o conducting germanium tron- 
sistor will normally be approximately 0.2 V and that of a sili- 
con transistor will normally be approximately 0.6 V. The col- 
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lector-emitter voltage will vary with the circuit and circuit 
conditions but it should olwoys exceed 0.5 V, The best woy of 
checking these devices is by connecting a voltmeter across 
the junction, using a sensitive voltmeter setting (see Fig. 4-2). 

An ohmmeter con be used to check a transistor if the ohm- 
meter's voltage source ond current ore kept within sofe limits. 
1,5 V ond 2 mA are generally acceptoble. Selecting the XI 
kO scale on most ohmmeters will provide voltage and current 
below these values. 

Table 4-2 contoins the normal values of resistonce to ex- 
pect when moking on ohmmeter check of on otherwise un- 
connected tronsistor. 

Fig. 4-3 shows the tronsistor base and socket arrangements 
used in this instrument. 



TABLE 4-2 

Transistor Resistance Checks 



Ohmmeter' 

Connections 


Resistance Reading That Can be 
Expected Using the R X 1 k Range 


Emitter-Collector 


High reodings both ways 


Emitter-Base 

Bose-Collector 


High rending one woy, low read- 
ing the other woy 
High rending one woy, low rend- 
ing the other way 



prod* from Iht ohmmotor ort fint ronnodod to Iho Iramlilor 
loodf ond then Iht 1t»t load connoctioni oro revtntd. Thui, th« 
•ffocU of tho potorlfy rovtnot of tho vottopo oppliod from tho ohm* 
motor to Iho frontlitor can bo ebtorvtd. 




FJp. 4-3. Tronilitor bo»o pin and sockol errongomont. 
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Diodes 

A diode cart be checked for an open or for a short circuit 
by measuring the resistance between terminals with an 
ohmmeter set to the R X Ik scale. The diode resistance 
should be very high in one direction and very low when the 
meter leads are reversed. Do not check tunnel diodes or 
back diodes with an ohmmeter. 

Some diodes used in the Type 7A22 ore color coded to 
identify the diode type. The cathode end of each glass- 
encash diode is indicated by o stripe, a series of stripes 
or a dot. For most diodes with a series of stripes, the first 
stripe (either pink or blue) indicates o Tektronix part and the 
next three stripes indicate the three significant figures of 
the Tektronix Part Number. Example: a diode color coded 
blue-brown-gray-green indicates o diode with Tektronix Part 
No. 152-0185-00. The cothode ond anode of a metol-encased 
diode can be identified by the diode symbol marked on the 
body. See Fig. 4-4, DIODE POLARITY AND COLOR CODES. 

Resistors 



The types and occuracies of resistors found in this instru- 
ment vary in accordance with the circuit needs. Replacement 
resistors should be of the same type and must be at least 
as accurate as those originally contoined in the circuit, to 
maintain the high common-mode rejection ratio. The size, 
location and leod length are often critical becouse of fre- 
Fie. 4-4. Di»dt polartty ond coler cod*. quency considerotions. 



1 Resistor and Capacitor Color Code | 


Color 


Signifi- 

cant 

Figures 


Multiplier 


Tolerance | 


Resis- 

tors 


Capaci- 

tors 


Resis- 

tors 


Capaci- 

tors 


1 C«mpesiliofi Roiiston: Silver 1 - - ■ 


' 'lO * 


— 


±10% 


... 






10-1 


... 


^5% 


... 




0 


1 


1 


• • • 


±20% or 
2pF* 


Brown 


1 


10 


10 


±1% 


±1% or 
0.1 pF* 


Red 


2 


10* 


10* 


±2% 


±2% 


Metel-ntm Reibters: Orange 


3 


10* 


10* 


±3% 


±3% 


^ Y.lb. 


4 


10« 


10* 


±4% 


+ 100% 
-0% 




5 


io» 


10* 


±0.5% 


±5% or 
0.5 pF* 


Blue 


6 


10* 


10* 




... 


Ceramic Copocilon: R GfO/ 


7 




... 


... 


... 


8 


... 


10-* 




+80% 
-20% 
or 0.25 pF* 


U * White 


9 


• • • 


10‘ 


• • ♦ 


±10% or 
1 pF» 


ond (7) — 1«, Jndond 3rd tionlFitanl Bflurat; 


• - • 


. • • 


• ■ • 


±20% 


±10% or 
1 pF* 


X. ^ ce*edteaca •! to p» or let*. 

—multiplier; — letemnce; 

— temperature coefficient. NOn: ® and/er @ celer code ter copaUten depends upon 

•anutectSnr and cepoeller lye*. May net be present In seme cases. 



Ffff. 4*5. Colof <od# for rotUton ond coramk copodlorv. 
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Composition, wire-wound and melol film resistors ore used 
in this unit. The stobie metal film resistors may be identified 
by their light blue or gray body color. If a metal film resis- 
tor has a value indicated by three significont figures or>d a 
multiplier, it will be color coded according to the EIA stand- 
ard resistor color code. If it has a value of more then three 
significant figures ond a multiplier, the value will be printed 
on the body of the resistor. For exomple, a 333 kQ resistor 
will be color coded but a 333.5 kn resistor will hove its value 
printed on the resistor body. The color code sequence is 
shown in Fig. 4-5. 

Capacitors 

A leaky or shorted capacitor can be delected by checking 
resistance with an ohmmeter using the highest scole that does 
not exceed the voltage roting of the copocitor. The resistance 
reading should be high offer the iniliol charge of the ca- 
pacitor. An open copocitor con be detected with a capaci- 
tance meter or by checking whether the copocitor passes AC 
signals. 

The copocilance values of common disc capacitors ond 
smoll elecirolytics are marked in microforods on the side of 
the component body. The white ceramic capocitors used in 
the Type 7A22 ore color coded in picofarads using a modi- 
fied EIA code (see Fig. 4-5]. 



Repackaging for Shipment 

If the Tektronix instrument is to be shipped to a Tektronix 
Service Center for service or repair, attach a tag showing: 
owner (with address) and the name of an individual at vour 
firm that can be contacted, complete instrument serial 
number and a description of the service required. 



Save and re-use the package in which your instrument was 
shipped. If the original packaging is unfit for use or not 
available, repackage the instrument as follows: 



Surround the instrument with polyethylene sheeting to 
protect the finish of the instrument. Obtain a carton of 
corrugated cardboard of the correct carton strength and 
having inside dimensions of no less than six inches more 
than the instrument dimensions. Cushion the instrument 
by tightly packing three inches of dunnage or urethane 
foam between carton and instrument, on all sides. Seal 
carton with shipping tape or industrial stapler. 

The carton test strength for your instrument is 200 pounds. 
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SECTION 5 

PERFORMANCE CHECK/ 
CALIBRATION PROCEDURE 

Change information, if any, affecting this section will be found at the rear of the 
manual. 



Introduction 

Complete information for performinga Performance Check or 
Calibration of the 7A22 Is contained in this section of the manual. 
The Equipment Required list is needed both for a Performance 
Check and for calibrating the 7A22. All waveform photographs, 
equipment setup pictures, and control settings apply whet her the 
instrument is being calibrated or checked for performance. 

To conduct a Performance Check, complete all parts of each 
step In the following procedure, except the part subtitled 
ADJUST. To check the performance of the 7A22. it is not 
necessary to remove the oscilloscope side panel or make any 
internal adjustments. Adjustments located on the front panel of 
the 7A22 can be performed when checking the performance of 
the instrument. If the instrument does not meet the performance 
requirements given In this procedure, the complete procedure 
including adjustments should be performed Ail performance 
requirements given In this section correspond to the 
Specifications given in Section 1. 

Calibration of the 7A22 requires completion of all parts of each 
step in the following procedure. Completion of every step in this 
procedure returns the 7A22 to Its original performance standards. 
To assure accurate measurements and correct operation, the 
calibration of the 7A22 should be checked after each 1000 hours 
of operation: or every six months if used infrequently. Before 
performing a complete calibration, thoroughly clean and inspect 
this instrument as outlined in the Maintenance section. 



TEST EQUIPMENT REQUIRED 

General 

The following test equipment and accessories (or their 
equivalent) are required for a complete performance check or 
calibration of the 7A22. Specifications given are the minimum 
necessary for accurate performance of this instrument. All lest 
equipment is assumed to be correctly calibrated and operating 
within the given specifications. If equipment is substituted, it 
must meet or exceed the specifications of the recommended 
equipment. 

For the quickest and most accurate calibration or perfor- 
mance check, special Tektronix calibration fixtures are used 
where necessary. These special calibration fixtures are available 
through your local Tektronix Field Office or representative 

1. 7000-series oscilloscope, referred to as "oscilloscope" in 
this procedure, having a probe-power output connector 
Tektronix 7704Aor 7904 with a 7BS0A Time Base can be used for 
this procedure. 

2. Sine-Wave Generator. Output frequency range of 10 Hz 
through i.O MHz: output amplitude range from 2 V to 20 V peak to 
peak. Tektronix FG 501 or FG 503 Function Generator 
recommended.' 



3. Standard Amplitude Calibrator. Amplitude accuracy, 
within 0.25%: signal amplitude. 0.5 mV to 100 V: output signals. 
1 kHz square wave and fasl-rise, high amplitude signal of 100 ns 
or less. Tektronix PG 506 Calibration Generator recommended.* 

4. DC Power Supply. Adjustable DC output to 1 V. Tektronix 
PS 501-1 Power Supply recommended.' 

5. Reed Pulse Generator. Tektronix Calibration Fixture 067- 
0606-00 is recommended. 

6. Coaxial Cable. Impedance. 50 ohms; length 42 inches: 
connectors. BNC Two required Tektronix Part Number 012- 
0057-01. 

7. Dual Input BNC connector. Provides matched signal paths 
to both 7A22 Input connectors. Tektronix Part Number 067-0525- 
01 . 

8. Variable Attenuator. A variable attenuator which has the 
end terminals Of a 100 ohm potentiometer connected from input 
to ground and the potentiometer divider arm connected to the 
attenuator output. Tektronix Calibration Fixture 067-051 1-00 is 
recommended. 

9. 1000:1 Divider. Tektronix Part Number 067-0529-00 is 
recommended. 

10. Precision Voltage Divider. Provides an output of 0.4 X the 
PG 506 standard amplitude output. Tektronix Part Number 015- 
0265-00 is recommended 

11. Input RC Normalizer. RC time constant. 1 megohm X 
47 pF; connectors. BNC. Tektronix Part Number 067-0541-00 is 
recommended. 

12. Attenuator. Impedance. 50 G: ratio. 10:1. connectors. 
BNC. Two each, Tektronix Part Number 011-0059-02. 

13. Plug-in extender. Tektronix Calibration Fixture067-0589- 

00 . 

14. Termination. Impedance. 50 O. Tektronix Part Number 
011-0049-01 

15. BNC Tee Connector. Tektronix Part Number 103-0030- 

00 . 

16. Adapter, GR toBNC Female. Tektronix Part Number 017- 

0063- 00. 

17. Adapter, GR to BNC Male. Tektronix Part Number 017- 

0064- 00. 

18. Banana plug-jack to banana plug-jack patch cord. 
Tektronix Part Number 012-0031-00 (red) or012-0034-00(black). 
Three needed. 



'Requires a TM 500-serfet power module. 
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19. Female to dual banana adapter, BNC. Tektronix Part 
Number 103-0090-00. 



SHORT-FORM PERFORMANCE 
CHECK/CALIBRATION PROCEDURE 

This short-form procedure is provided to aid in checking the 
pertormanceor calibration of the 7A22. It may be used as a guide 
by the experlencedoperator or calibrator, orit may be reproduc- 
ed and used as a permanent record of calibration. Since the step 
numbers and titles used here correspond to those used in the 
complete procedure, this procedure also serves as an index to 
locale a step in the complete procedure. Performance re- 
quirements listed here correspond to those given In Section 1. 

7A22. Serial No. _ - . .. 

Calibration Date - . . . . . . 

Calibrated By - . . 

I I 1. Check or Adjust AC Atten Bal (B505) 

Trace within 1.S div of graticule center as VOLTS/ DIV 
switch is changed from 10 mV to 20 pV. 

I I 2. Check or Adjust Variable Bal (R425) 

Maximum trace shift :>'0.2 div as the VARIABLE 
(VOLTS/DIV) Is rotated stop-to-stop. 

Q] 3. Check or Adjust Coarse DC Bal (R276) 

Trace within 0.1 div of graticule center as LF 3dB 
POINT selector Is changed from 10 kHz to DC. 

[]] 4- Check or Adjust f INPUT Zero <R115) 

Maximum trace shift L2 div as the -i INPUT AC-QND-DC 
switch is switched from GND to AC. 

I I 5. Check or Adjust INPUT Zero (R215) 

Maximum trace shift hZdivasthe INPUT AC-GND-DC 
switch Is switched from QND to AC. 

r~] 6. Check or Adjust GAIN (R540) 

Correct vertical deflection in the 1 mV position of the 
VOLTS/DIV switch (front panel adjustment). 

7. Check VARIABLE (VOLTS/DIV) control Ratio 

Display amplitude decreases by a ratio of 2.5:1 when the 
VARIABLE control (set to the out position) is rotated fully 
counterclockwise. 

I I 8. Check VOLTS/DIV Gain Switching 

Correct vertical deflection from fO^V through 10 mV. 

r~l 9. Check Isolation Between f and INPUTS 
Trace deflection of 0.5 div or less. 

r~ll0. Check Total DC OFFSET Range 

Check for minimum offset range of f and 1 volt. 

[~~|l1, Check or Adjust C241--Cross Neutralization 

With signal connected to i INPUT, switch the INPUT 
AC-GND-DC from GND to DC: aberration should not 
exceed ± 1 %. 



( 1 12. Check or Adjust C141 -Cross Neutralization 

With signal connected to - INPUT, switch the -INPUT 
AC-GND-DC from QND to DC: aberration should not 
exceed t 1 %. 

I |i3. Checker Adjust C115 -X1 (INPUT Attenuator 
Time Coristant Optimum square wave response. 

I |i4. Check or Adjust C215 -xi -INPUT Attenuator 
Time Constant Optimum square wave response. 

f~~|l5. Check Input Attenuator Accuracy 

Correct vertical deflection from 10 mV through 10 V. 

[~~ll6. Checker Adjust Attenuator Differential Balance (R108E, 
R109E. R110E) 

Optimum differential balance. 

1 1 17. Check or Adjust -( Input Atlenualor Compensation 

(C108C. C109C, CHOC, CIOSA, C109A. C110A) Op- 
timum square wavs response. 

□ 18. Check or Adjust Input Attenuator Series 

Compensation tomatch - Input (C208C.C209C.C210C) 
Best common-mode signal rejection (minimum spike 
amplitude). 

f 19. Check or Adjust Input Attenuator Shunt Compensa- 
tion (C208A. C209A. C210A) 

Optimum flat bottom display. 

(~~|20 Check or Adjust HF 3 dB POINT (C425) 

HIGH FREQ 3 dB POINT bandwidth limit. 

□ 21. Check LF 3 dB POINT 

LOW FREO -3 dB POINT bartdwidlh limit. 

r~| 22. Check or Adjust CMRR (C330) 

CMRR must be equal to or better than the specified 
requirements at the verification points shown in Section 
1. Fig. 1-2 of the manual. 

r~l 23. Check OVERDRIVE Indicator 

Indicator turns on at approximately 1 volt. 

n 24. Check Differential Signal Range 

No change in sine-wave amplitude when f or -1 volt DC 
is applied. 

□ 25. Check Overall Noise Level Tangentially 

Less than 16 ^V of displayed noise, measured tangental- 
ly. 

□ 26. Check Overdrive Recovery 

lOps or less to recover to within 0.5% of zero level. 
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PERFORMANCE CHECK/CALIBRATION 
PROCEDURE 



General 

The following procedure is arranged in a sequence which 
allows the 7A22 to be calibrated with the least interaction of 
adjustments and reconnection of equipment. The steps in which 
adjustments are made are identified by the symbol following the 
title. Instrument performance is checked In the '‘CHECK" part of 
the step before an adjustment is made. The ’’ADJUST’' part of the 
step Identifies the point at which the actual adjustment is made 
Steps listed in the “INTERACTION " part of the step may be 
affected by the adjustment just performed. This is particularly 
helpful when only a partial calibration procedure is performed. 



Preliminary Procedure 



1. If the 7A22 is to be calibrated, insert the plug*ln extender 
Into the oscilloscope and plug the 7A22inlotheplug-ln extender. 
If this procedure is a Performance Check only, insert the 7A22 
Into the oscilloscope plug*in compartment. 



2. Connect the oscilloscope power cord to the design center 
operating voltage for which the oscilloscope is wired. 



NOTE 

To prevent recalibration ot other parts ol the instrument 
when performing a partial calibration, readjust only it the 
tolerances given in the "CHECK" part ol the step are not 
met. However, when performing a complete calibration, 
best overall performance is obtained if each adjustment is 
made to (he exact setting even if the "Check" is within the 
allowable tolerance. 



In the following procedure, a test -equipment setup picture is 
shown for each major group of checks and adjustments. Each 
step continues from the equipment setup preceding the desired 
portion. External controls or adjustments of the7A22 referred to 
in this procedure are capitaliaed (e.g.. POSITION). Internal 
adjustment names are initial capitalized only (e.g.. Variable Bal). 



3. Turn on the oscilloscope POWER switch Allow at least 20 
minutes warmup before checking the Instrument to the given 
accuracy. 



4. Preset the 7A22 front panel 

VOLTS/DIV 

VARIABLE 

POSITION 

HIGH FREO -3 dB POINT 
LOW FREO 3dB POINT 
AC-GND-DC (+INPUT) 
AC-GND-DC ( INPUT) 

STEP ATTEN DC BAL 
DC OFFSET COARSE 
DC OFFSET FINE 



controls as follows: 

10 mV 
CAL IN 
Midrange 
100 Hz 
10 kHz 
GND 
GND 
Midrange 

S turns from either extreme 
Midrange 



All waveforms shown in this procedure are actual waveform 
photographs taken with a Tektronix Oscilloscope Camera 
System. The following procedure uses the equipment listed 
under Test Equipment Required If equipment is substituted, 
control settings or test equipment setupmay need to be altered to 
meet the requirements of the equipment used. Detailed operating 
instructions for the test equipment are not given in this 
procedure If in doubt as to the correct operation ol any of the test 
equipment, refer to Ihe Instruction manual tor that unit. 



NOTE 

It Is assumed that performance is checked within a 
temperature range ofO°Cto t SO’C and celibretion +25* C. 
i.5*C; the tolerances given in this procedure are lor this 
lemparature range. However, if the procedure is performed 
at some other temperature, check the applicable 
tolerances lor that temperature range. 



5. Presetthe Time Basefront panel controls to these settings: 

Time/Div ,S ms 

Variable In (Calibrated) 

Triggering Auto, AC, Int 



6. Set the oscilloscope Focus and Intensity for best viewing. 



NOTE 

Calibration of Ihe 7A22 must be performed with Ihe side 
covers in place. All internal adjustments canbemade using 
the access hofes provided In Ihe side covers. 
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1. Check or Adjust AC Step Atten Bal 

a. Center the trace on the crt with the POSITION control. 

b. Rotate the VOLTS/OIV switch from 10 mV to the 20</V 
position. 

c. CHECK— The trace should remain within 1.5 div of 
graticule center. 

d. ADJUST— AC Step Atten Bal control. RSOS. (see Fig. 5-1) 
to position Ihe trace within 1.5 div of graticule center 



2. Check or Adjust Variable Bal 

a. Set the 7A22 VOLTS/DIV switch to 10 mV. 

b. Position the trace to graticule center with the POSITION 
control. 

c. Rotate the VARIABLE VOLTS/DIV (in the out position) 
from stop to stop. 

d. CHECK— For maximum trace shift not to exceed tO.2 div 
while rotating the VARIABLE control throughout Its range. 

e. ADJUST- Variable Bal control. R42S. (see Fig. 5-1) for no 
trace shift while rotating the VARIABLE control. 



3. Check or Adjust Coarse DC Bal 

a Set the VARIABLE VOLTS/DIV to the CAL IN position. 

b. Position the LOW FREQ -3 dB POINT switch to the DC 
position. 

c. CHECK— The trace should be within 0.1 div of graticule 
center. 

d. ADJUST- Coarse DC Bal. R275, (see Fig. 5-1) to position 
the trace to graticule center. 

e. Set the VOLTS/DIV switch to 50 fiV. 

f. CHECK— The trace should be on screen. 

g ADJUST —If the trace Is not on screen, start at Ihe position 
Of the VOLTS/DIV switch where an on screen display Is obtained 
and readjust the Coarse DC Bal, working down to the SOj/V 
position so the end result Is an on-screen trace at SO ^V. 

7A22 Controls 

VOLTS/DIV lOjiV 

VARIABLE CAL IN 

POSITION Midrange 

HIGH FREQ 3 dB 100 Hz 

POINT 




Fig. ^1. Lett side of the 7A22 showing adjustment locations. 
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LOW FREQ -3 dB 
POINT 

AC-GND-DC ( hINPUT) 
AC-GND-DC ( INPUT) 
STEP ATTEN DC BAL 



Time Base Controls 
Tlme/DIv 

Variable (Tlme/DIv) 
Triggering 



DC 

GND 

GND 

Adjust lor proper dc bal- 
ance (see Operating Sec- 
tion). 



.5 ms 
Cal 

Auto, AC. Int 



4. Check or Adjust -I Gate Current Zero 

a. Connect a 50 O termination to the MNPUT connector. 

b. Using the POSITION control, position the trace to 
graticule center. 

c. Set the i INPUT AC-GNO-DC switch to AC. 

d. CHECK- -For maximum trace shift within J:2 dlv 

e. ADJUST-The i GateCurrentZerocontrol, R115. (seeFig. 
5-1), to position the trace to graticule center. 

1. CHECK--(only if adjustment has been made). Switch the 
t INPUT AC-GND-OC switch to GNO and back to AC. There 
should be no movement of the trace. 

g Set the -HNPUT AC-GND-OC switch to GNO. 



AC-GND-DC (-INPUT) 
AOGND-DC ( INPUT) 
STEP ATTEN DC BAL 



DC 

GNO 



Adjust (or proper DC bal- 
ance. 



6. Check or Adjust GAIN 

a. Connect a 5 mV peak-to-peak square wave signal from a 
standard amplitude calibrator through a 1(X>0:1 divider and a 
coaxial cable to the -I-INPUT connector. 

b. Set the 1000:1 divider to XI. 

c. AJign the display with the graticule lines using the 
POSITION control. 

d. CHECK— the display for a vertical amplitude of exactly 
Sdiv. 

e. ADJUST— The GAIN control (front panel adjustment 
R540) for exactly 5 div of display amplitude. 



7. Check VARIABLE Control Ratio 

a. With the VARIABLE in the OUT position. rotatethecontrol 
fully counterclockwise. 

b. CHECK - The display amplitude should be 2 div or less to 
meet the 2.5:1 ratio requirement. 



5. Check or Adjust -Gate Current Zero 

a. Remove the 50 0 termination from the -HNPUT and 
connect It to the -INPUT connector. 

b. Position the trace to graticule center with the POSITION 
control. 

C. Set the -INPUT AC-GND-OC switch to AC. 

d. CHECK— For maximum trace shift within 12 div. 

e ADJUST -The Gate Current Zero control, R21 5, (see Fig. 
5-1). to return the trace to graticule center. 

f. CHECK— (only If adjustment has been made). Return the 
-INPUT AC-GND-OC switch to GND and back to AC. There 
should be no trace shift. 

g. Disconnect the 50 O termination. 

h. Set the - INPUT AOGNO-OC switch to GND. 



7A22 Controls 

VOLTS/DIV 1 mV 

VARIABLE CAL IN 

POSITION Midrange 

HIGH FREQ 3 dB 1MHz 

POINT 

LOW FREQ -3 dB DC 

POINT 



8. Check VOLTS/DIV Gain Switching 

a Set the HIGH FREQ 3 dB POINT switch to 3 kHz. 

b. Set the LOW FREQ - 3 dB POINT switch to 1 Hz. 

c. Set the standard amplitude calibrator output to 10 mV. 

d Using the VARIABLE VOLTS/DIV control, adjust the 
display amplitude to exactly 5 dlv 

e. Set the Time Base Triggering Source to Line. 

f. Position the nme/DIv switch to .1 ps. 

g. Switch the 1000:1 divider to X1000. 

h. CHECK— The vertical deflection (actor from 10 pV through 
50 pV. Table 5-1 Is provided as a guide. 



TABLE 5-1 



VOLTS/DIV 

Switch 

PosHlon 


Standard 

AmpUluda 

Calibrator 

Output 

Amplitude 


Divisions 

of 

Deflection 


Accuracy 


lOpV 


.1 V 


5 


±2% 


20 pV 


.2V 1 


5 


±2% 


50 pV 


■5V 1 


5 


±2H 
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i. Return (he VARIABLE to me CAL IN position. e. Repeat the aboveprocedureforthe INPUT, checkingfor 

trace deflection when switching the 4 AC-GND-OC switch to DC. 

j. Switch the 1000:1 divider to the X1 position. 

f. Disconnect the Standard Amplitude Calibrator. 

k. CHECK -Theverticaldetlectionlactorfrom.t mVthrough 
10 mV using Table 5*2 as a guide. 



TABLE S-2 



VOLTS/DIV 

Switch 

Position 


Standard 

Amplitude 

Calibrator 

Output 

Amplitude 


Divisions 

ol 

Deflection 


Accuracy 


.1 mV 


.5 mV 


5 


.L2% 


.2 mV 


1 mV 


5 


t.2% 


.5 mV 


2 mV 1 


4 


12% 


1 mV 


SmV 


5 


t2% 


2 mV 


10 mV 


5 


•:2% 


5 mV 


20 mV 


4 


X2% 


10 mV 


50 mV 


5 


±2% 



I. Remove the 1000:1 divider from the Standard Ampirtude 
Calibrator signal setup. 

7A22 Controls 

VOLTS/OIV 
VARIABLE 
POSITION 
HIGH FREQ -3 dB 
POINT 

LOW FREQ -3dB 
POINT 

AC-GND-DC (-1 INPUT) 

AC-GNO-DC ( INPUT) 

STEPATTEN DC BAL 



10. Check Total DC OFFSET Range 

a Set the 7A22 controls as follows 

VOLTS/OIV 10 mV 

AC-GND-DC ( 4 INPUT) DC 

AC-GND-OC ( INPUT) GND 

b. Set the DC Power Supply for an output of 1 volt dc. 

c. Connect a female to dual banana adapter and a coaxial 
cable from the DC Power Supply output to the 7A22 -< INPUT 
connector. 

d. Torn the COARSE and FINE OFFSET controls fully 
counterclockwise. 

e. CHECK -The trace can be returned to graticule center. 
(1 V minimum dc offset). 

f. Set the 4 INPUT AC-GND-DC switch to GND. 

g. Rotate the FINE and COARSE OFFSET controls clockwise 
to return the trace to graticule center (approximately S turns of 
the COARSE OFFSET control). 

h. Disconnect the DC Power Supply. 



NOTE 

The XfO, XIOO, X1000 input altenualors will be checked in 
step IS. Consequently, the remainder of the DC OFFSET 
ranges stated in Section 1 will be verilied by that step. 



1 mV 
CAL IN 
Midrange 
1 MHz 

DC OFFSET 

DC 

GND 

Adjusted for dc balance 



Time Base Controls 

Time/Div 

Variable 

Slope 

Coupling 

Source 

Mode 



1 ms 

Calibrated 

4 

AC 

Int 

Auto 



9. Check Isolation Between + and -Inputs 

a Set the Standard Amplitude Calibrator for a .1 V square 
wave. 

b. Adjust the DC OFFSET COARSE and FINE controls to 
position the top of the square wave to the graticule center fine. 

c. Switch the AC-GND-DC switch to DC. 

d. CHECK- Trace deflection must be 0.5 division or less. 



7A22 Controls 
VOLTS/DIV 
VARIABLE 
POSITION 
HIGH FREQ ~3 dB 
POINT 

LOW FREQ 3 dB 
POINT 

AC-GND-DC (< INPUT) 
AOGND-DC (- INPUT) 
STEP ATTEN DC BAL 

Time Base Controls 
Time/Div 
Variable 
Triggering 



10 mV 
CAL IN 
Midrange 
1 MHz 

DC 

DC 

GND 

Adjusted for proper balance 



.5 ms 
In 

Norm, I Slope. AC, Int 
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Fig. S-3. Typical waveform showing (A) Correcf adjustment of 
Input Attenuator Time Constant. (B) and (C) Incorrect 
adjustment. 



f. INTERACTION -If C21 5 Is adjusted out of sequence, steps 
13 and 16 through 19 must also be performed. 

g. Disconnect the signal and the RC Normalizer. 



15. Check Input Attenuator Accuracy 

a. Connect a SO mV peak-to-peak square-wave signal of 
standardized amplitude from the Standard Amplitude Calibrator 
through a coaxial cable to the ' INPUT 

b. Set the I INPUT AC-GND-DC switch to DC. 

c. CHECK -The input attenuators using Table 5-3 as a guide. 



TABLE 5-3 



VOLTS/DIV 

Switch 

Position 


CALIBRATOR 
Output 
Peak to Peak 


VERTICAL DEFLECTION 
(Accuracy J:2%) 


10 mV 


50 mV 


5 div ± .1 div 


20 mV 
50 mV 


. 1 V 
’.2V'' 


9 OlV A .} OlV 

4 div i. .08 div 


.1 V 


5V 


5 div ± .1 div 


.2V 


1 V 


5 div ± .1 div 


.5V 


2V 


4 div ± .08 div 


1 V 


5V 




2V 


10 V 




5V 


20 V 


4 div i .06 div 


10 V 


50 V 


5 div t .1 div 



d. Disconnect the signal from the 7A22. 

NOTE 

(Applies to calibration only) 

II there is a spike or fast rollofi of the leading corner of the 
square wave when checking from 20 mV to 10 V, ignore 
these, as they will be corrected in step 17. 

16. Check or Adjust Input Attenuator Differential 
Balance 

a. Connect a tee connector to the Output connector of the 
Standard Amplltuda Calibrator and a dual connector to the 
I INPUT and INPUT connectors of the 7A22. 

b Connect a coaxial cable from the tee connector to the dual 
input connector. Connect a coaxial cable from the connector to 
the Ext In connector on the oscilloscope. 

c. Set the 7A22 controls as follows: 

VOLTS/OIV 50 mV 

AC-GNO-DCC INPUT) DC 

AC-GNO-DC{- INPUT) DC 

d. Set the oscilloscope Triggering Source switch to Ext. 

e. Set the Standard Amplitude Calibrator output to 50 V. 

f. CHECK— For optimum differential balance according to 
the information given in Table 5-4. When properly adjusted, the 
waveform should appear as shown In Fig. 5-4. Disregard any 
spikes on the waveform. 

g. ADJUST-R108E. R109E and R110E (see Fig. 5-1) for 
minimum amplitude as shown in Fig. 5-4. using Table 5-4 as a 
guide. 



5-8 



REV B, MAR 1979 















Perlormance Check/Calibration — 7A22 



11. Check or Adjust C241 f Cross Neutralization 

a. Set the Standard AmpIttudeCalibraior for aSO mV square- 
wave output and connect to the 7A22 I INPUT connector. 

NOTE 

The 7A22 POSITION control and the Time Base horizontal 
positioning control may not always be mentioned. Use these 
controls as necessary to position the display lor easy viewing. 

b Check— The upper leading corner of the waveform, and 
note any aberrationthaloccurswhile switching the -INPUT AC* 
GND-OC switch from GNO to DC. The waveform should appear 
similar to the one In Fig. S-2 The aberration should not exceed 
1 1 %. 

c. Set the INPUT AC-GND-DC switch to DC. 

d. ADJUST C241 (see Pig. 5-1) for best square upper 
leading corner. 

e. INTERACTION— C241 affects the X1 Input capacitance 
and all other input attenuator adiustments. If C241 isadjustedoul 
of sequence, steps 13. 14 and 16 through 18 must also be 
performed. 



12. Check or Adjust C141 -Cross Neutralization 

a. Disconnect the signal from the + INPUT connector 
and connect it to the • INPUT connector. 

b. Set the +INPUT AC-GNO-OC switch to GND. 

c. CHECK -The lower leading corrwr of the secondcycleof 
the display and note any aberration that occurs while switching 
the I INPUT AC-GND-DC switch from GND to DC. The bottom 
leading corner of the waveform should appear similar to the one 
shown in Fig. 5-2. The aberration should not exceed ±1%. 

d. Set the ' INPUT AC-GND-DC switch to DC. 

e. ADJUST— C1 41 (see Fig. 5-1) for best square corner. 

f. INTERACTION -C141 affects the X1 input capacitance 
and all other input attenuator adjustments. If C141 is adjusted out 
of sequence, steps 13. 14. and 16 through 18 must be performed. 

g. Disconnect the coaxial cable from the -INPUT. 



13. Check or Adjust C115— X1 -hlNPUT Attenuator 
Time Constant 

NOTE 

It is important that C141 and C241 ba properly adjusted 
before performing this adjustment, II you have not per- 
formed steps 1 1 and 12. do so at this point. 

a. Connect a 47 pF Input RC Normalizer to the i INPUT. 

b. Connect a coaxial cable from the Standard Amplitude 
Calibrator to the RC Normalizer. 

c. Set the -INPUT AC-GND-DC switch to GND. 

d. Set the ' INPUT AC-GND-DC switch to DC. 

e. Set the Standard Amplitude Calibrator output lor high 
amplitude operation with an output of 0.1 V. 




Rg. 5-Z Typical waveform showing (A) Croat neulrallzatiort 
properly adjusted. (B) IrKorrectly adjusted. 



f. CHECK— The square wave display for flat tops (see 
Fig 5-3) 

g. ADJUST -Ct1S (see Fig. 5-1) to obtain best square wave 
response. 

h. INTERACTION— If C115 Is adjusted out of sequence, 
steps 14 and 16 through 19 must also be performed. 

14. Check or Adjust C215— XI -INPUT Attenuator 
Time Constant 

a. Disconnect the RC Normalizer from the -fINPUT and 
connect it to the INPUT. 

b. Set the f INPUT AC-GND-DC switch to GND. 

c. Set the INPUT AC-GND-DC switch to DC- 

d. CHECK Eachsquarewaveforaflai bottom, usIngRg. 5-3 
as a guide. 

e. ADJUST— C215 (see Fig. 5-1) lor best flat bottom square- 
wave display, as in Fig. 5-3A. 
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Performance Check/Callbrallon— 7A22 




Fig. S-4. Typical display obtained when Input Attenuators are 
ad|usled for optlmuin differential balance. 



TABLE 5-4 



VOLTS/OIV 

Switch 

Position 


Calibrator 
Output 
(Peak to 
Peak) 


Check and ' 
Adjust 
lor Null 


Input 

Attenuator 


60 mV 
~ 2‘0 m V" 


50 V 
50 V 


Check/ Adji 
Check 


jst R108E 
X10 


.1 V 
•5V 


50 V 
100 V 


Check 
Check/ Adji 


JSt R109E 


,2 V 


100 V 


Check 


X100 


1 V 


100 V 


Check 




5V 
"2 V* ' 


100 V 
100 V 


Check/ Adji 

Phorlr 


iSt R110E 
xinr>n 


tov 


loo'v’ ’ 


Check 





h. Set the Standard Amplitude Calibrator for 0.2 V peak-to- 
peak output. 

I. Disconnect the dual input connector from the 7A22. 



Set the 7A22 Controls; 

VOLTS/DIV 
VARIABLE 
HIGHFHEQ 3 dB 
POINT 

LOW FREQ 3 d8 
POINT 

AC-GND.DC(i INPUT) 
AC-GNO-DC (--INPUr) 
STEPATTEN DC BAL 



50 mV 
CAL IN 
1 MHz 

DC 

DC 

GNO 

Adjusted for proper dc bal 
ance 



17. Check or Adjust +lnput Attenuator 
Compensation 

a. Connect 0.2 V of high amplitude signal from the Standard 
Amplitude Calibrator through a coaxial cable to the t INPUT of 
the 7A22. 

b. CHECK- The I INPUT Attenuator compensation for good 
square wave response. 

c. ADJUST— The I INPUT Attenuator compensatlonfor best 
square wave response using Table 5-S as a guide. Figure 5-1 
shows the locations of the adjustments. 



TABLE 5-S 



CALIBRATOR 

Output 

P-P 


VOLTS/OIV 

Switch 

Position 


Check/Adjutt 
lor Optimum 


4 Input 
Attenuator 


I 




Upper 

Leading 

Corner 


1 

Rat 

Top 




.2 V 


50 mV 


cioac ' 






.1 V 


20 mV 


Check 




X 10 


.5 V 


.1 V 


Check 






2 V 


.5 V 


C109C 






1 V 


.2 V 


Check 




X 100 


5 V 


1 V 


Check 






20 V ! 


5V 


C110C 






10 V 


2V 


Check 




X 1000 


50 V 


10 V 


Check 







Connect the 47 pF input RC normalizer between the HNPUT 
and the coaxial cable. 



50 V 


5V 




C110A 


X 1000 


20 V 


2V 




Check 


too V 


10 V 




Check 


5 V 


5V 




C109A 




2 V 


.2 V 




Check 


X too 


10 V 


1 V 




Check 




,5 V 


50 mV 




C108A 




.2 V 


20 mV 




Check 


X 10 


1 V 


.1 V 




Check 

1 





d. INTERACTION If this step Is performed Out of sequence, 
steps 16 and 19 must be performed. 

e. Disconnect the RC normalizer and coaxial cable from the 
7A22 and the Standard Amplitude Calibrator. 

18. Check or Adjust Input Attenuator Series 
Compensation 



Set the Time Base Controls: 

.5 ms 
In (Cal) 

Auto, AC, Ini 



Time/Div 

Variable 

Triggering 



a. Connect a tee connector to the Standard Amplitude 
Calibrator output connector and a dual input connector to the 
7A22 -flNPUT and INPUT connectors. Connect a coaxial cable 
from the tee connector to the dual input connector. Connect a 
coaxial cable from the tee connector to the oscilloscope EXT In 
connector. 
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b. Set the oscilloscope Triggering Source switch to Ext. 

c. Set the Standard Amplitude Calibrator output lor SO V of 
high amplitude signal. 

d. Set the 7A22 controls as follows; 

VOLTS/OIV 50 mV 

AC-GND-OC (-INPUT) DC 

e. CHECK- -The displayed waveform for good common- 
mode signal reieclion (minimum spike amplitude). 

f. ADJUST -The Input attenuator series compensation for 
best common-mode signal rejection (minimum spike amplitude) 
using the Information given in Table S-6. Figure S-5illuslrates the 
typical displays obtained and Fig. 5-1 shows the adjustment 
locations. 
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Fig. S-S. Typical display obtained wtth -Input attenuator ad* 
lusted for optimum Common-Mode signal re|ecHon. (A) C208C 
adjusted properly (B) C209C adjusted properly. 



TABLE 5-6 



Calibrator 

Output 

P-P 


VOLTS/OIV 

Switch 

Position 


Check or 
Adjust for 
Min, Spike 
Amplitude 


—Input 

Attenuator 


SO Volts 


50 mV 


C208C 


X 10 


20 mV 


Check 1 


.1 V 


Check 




.5 V 


C209C 




100 Volts 


,2 V 


Check 


X 100 




1 V 


Check 






5V 


“CaiBC 






2 V 


Check 


X 1000 




10 V 


Check 





g. Disconnect all signal leads. 

h. Return the oscilloscope Triggering Source switch to Int. 



19. Check or Adjust -Input Attenuator Shunt 
Compensation 

a. Connect a 47 pF RC Normallzer to the -INPUT of the 7A22. 
Connect a coaxial cablefrom the Standard Amplitude Calibrator 
output connector to the RC Normalizer. 

b. Set the Standard Amplitude Calibrator output for .5 V of 
high amplitude signal. 

c. Set the 7A22 controls as foUovrs: 

VOLTS/DIV 60 mV 

AC-QND-DC(+INPUT) GND 

d. CHECK--Using Table 5-7 as a guide, check the display for 
a square wave response similar to the display illustrated in 
Fig, 5-3. 

e. ADJUST-C208A, C209A, and C210A (see Fig. 6-1) for 
best flat bottom onthedlsplay, according to the Information given 
In Table 5-7 



Table 5-7 



standard 
Amplitude 
CaUbretor 
Output P-P 


VOLTS/DIV 

Switch 

Position 


Check or 
Adjust lor 
Optimum 
Rat Bottom 


-Input 

Attenuator 


-5 Volt 


50 mV 


C206A 




2 Volt 


20 mV 


Check 


X 10 


1 Volt 


.1 V 


Check 




5 Volts 


5V 


C209A 




2 Volts 


1 

.2 V 


Check 


X 100 


10 Volts 


1 V 


Check 




50 Volts 


5V 


C210A 




20 Volts 


2V 


Check 


X 1000 


100 Volts 


10 V 


Check 
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f. Disconnect the RC normalizer and all coaxial cables. 



7A22 Controls 

POSITION 

VOLTS/DIV 

VARIABLE 

AC-QND-DC (-+INPUT) 
AC-GND-DC ( INPUT) 
LOW FREQ -3 dB POINT 
HIGH FREQ 3 dB POINT 
STEP ATTEN DC 8AL 



Midrange 
1 V 

CAL IN 
GND 
GND 
DC 
1 MHz 

Adjusted lor dc balance 



20. Check or Adjust HIGH FREQ -3 dB POINT 

a. Set the 7A22 flNPUT AC-GNO-DC switch to DC and use 
the oscilloscope controls as necessary for easy viewing of 
display 

b. Connect a coaxial cable and a 50-ohm terminator 
from the Sine-Wave Generator to the 7A22 -t- INPUT, 

c. Set the output frequency of the SInc-Wave Generator to 
1 kHz and adjust for a 6 div display on the oscilloscope. 

d. Set the Sine-Wave Generator output frequency to 1 MHz. 

e. CHECK— The amplitude of the oscilloscope display 
should be 4.2 div (this is the 3 dB point at 1 MHz). The 4.2 div 
display requirement must be met at 1 MHz f or -10% (.9 MHz to 

1.1 MHz). 

f. ADJUST- With thefrequencysettol MHz.adjustC425for 

4.2 div of display amplitude. See Fig. 5-6 for location of adjust- 
ment. 

g. CHECK— The remaining positions of the HIGH FREQ 
3 dB POINT selector in the same manner as in parte using Table 

5-B as a guide. 




Hg. 5-6. Right side of 7A22 showing location of adiuttmenls. 



21. Check LOW FREQ -3 dB POINT 

a CHECK— Using Table 5-9 as a guide, check the LOW 
FREO 3 dB POINT in the same manner that was used to check 
the HIGH FREQ 3 dB POINT. 



TABLE 5-8 



sine Wave 
Generator 
Output 
Frequency 


HIGH FREO 
-3 dB 
POINT 
Seleclor 
Position 


Oscilloscope 

Display 

Amplitude 


Bandwidth 
Toiarance 
±10% of 
Input Freq 


300 kHz 


300 kHz 


4.2 div 


f 30 kHz 


100 kHz 


100 kHz 


4.2 div 


±10 kHz 


30 kHz 


30 kHz 


4.2 div 


±3 kHz 


10 kHz 


10 kHz 


4.2 div 


±1 kHz 


3 kHz 
1 kHz 
300 Hz 


3 kHz 

..... 

300 Hz 


4.2 div 


£.3 kHz 


4.< OlV 
4.2 div 


1 Kl IZ 
~2«Hz ' 


too Hz 


100 Hz 


4.2 div 


*10 Hz 



h. Set the HIGH FREQ 3 dB POINT selector to 1 MHz. 



TABLE 5-9 



Sirte Wave 
Generator 
Output 
Freq 


LOW FREQ 
-3dB 

POINT 1 
Seleclor 
Position 


Oscilloscope 

Display 

Amplitude 


Bindwidlh 
Tolerence 
T12%of 
Input Freq 


10 Hz 


10 Hz 


4.2 div 


±1.2 Hz 


100 Hz 


100 Hz 


4.2 div 


±12 Hz 


1 kHz 


1 kHz 


4.2 div 


±120 Hz 


10 kHz J 


10 kHz 


4.2 div 


±1.2 kHz 



NOTE 

The componerrfs that are used in the 0. 1 Hz and 1 Hz 
positions of the LOW FREQ 3 dB POINT selector are also 
used in the other positions of the selector, (herafore, fire 
roieranceoHiieO.f Hzandl Hzpositionsarenowchecked. 
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b Set the LOW FREQ -3dB POINT selector to DC and 
disconnect all signal connections to the 7A22, Sine-Wave 
Generator, and Oscilloscope. 

7A22 Controls 



VOLTS/DIV 
VARIABLE 
HIGH FREO 3dB 
POINT 

LOW FREO 3 dB 
POINT 

AC-GND-OC (-f INPUT) 
AC-GND-OC ( INPUT) 
STEP ATTEN DC 
BAL 



5V 

CAL IN 
1 MHz 

OC 

DC 

GNO 

Adjusted for proper dc 
balance 



Time-Base Controls 
Time/Oiv 

Variable 

Triggering 



As necessary for easy 
viewing of display 
In (Cal) 

Auto. AC. Int 



22. Check or Adjust Attenuator Common Mode 
Rejection 

a. Connect a coaxial cable from the Sine-Wave Genera- 
tor output to the dual input connector. 



b. Connect the dual-input connector to the 7A22 i and 
INPUTS. 



c. Adjust the Sine-Wave Generator Level control for 
20 V p-p at too kHz. 



NOTE 

The Sine-Wave Generator output must be maintained at a 

constant 20 V p-p lor all ol the CMRR checks. 

d Switch the 7A22 AC-GND-DC (f-INPUT) to GNO. 

e Switch the 7A22 VOLTS/DIV to .1 mV. 

f. Simultaneously switch the 7A22 + and -AC-GND-DC 
switches to DC. 

g. CHECK -The vertical deflection should not exceed 2 div. 
The 2 dIv requirement at 0.1 mV/DIV is equivalent to a CMRR of 
100,000:1 (2dlvat .1 mV/DIV .2 mV; 20 V : .2 mV 100.000). 

h. Adjust C330 (and Cl44 SN 6080000 and up) for minimum 
vertical deflection. See Fig 5-6 lor C330 location. C144 Is under 
the plastic cover near 0153 ontheieftsldeofthe7A22(seeFig 4- 
6. page 4-10). 



NOTE 

These ad'/usrments interact, and a slight readiusiment ol 
C330 will be necessary alter the cover is replaced over 
CU4. 



1 . Set the 7A22 VOLTS/DIV to 20 mV. 

2. ADJUST - Cl 08C for minimum vertical deflection. 



3. ADJUST --Rlie for minimum vertical deflection. 

i. CHECK— Using Table 5-10 as a guide, check the CMRR at 
the remaining attenuator positions. 

j. Disconnect all test leads and connectors. 

7A22 Controls 



VOLTS/DIV 
VARIABLE 
POSITION 
HIGH FREQ 3 dB 
POINT 

LOW FREQ -3dB 
POINT 

AOGND-DC(i INPUT) 
AC-GND-DC { INPUT 
STEP A I TEN DC BAL 

Time Base Controls 

TIme/DIv 

Triggering 



10 mV 
CAL IN 
Midrange 
1 MHz 

DC 

GND 

GND 

Adjusted for dc balance 



1 ms 

( . Auto. AC, Int 



23. Check Input OVERDRIVE Indicator 

a. Connect a coaxial cable between the Sine-wave Generator 
output and the 7A22 -i INPUT. 

b. Set the Sine-Wave Generator amplitude to minimum and 
frequency to 1 kHz. 

c. Increase the Sine-Wave Generator amplitude until the 
7A22 Input OVERDRIVE indicator lights. 

d. CHECK— The sine-wave amplilude, peak to peak, and 
divide by 2 to find the ' or driving signal amplitude. The 
overdrive signal should be approximately 1 volt. 

e. Disconnect coaxial cable from -I Input. 

7A22 Controls 



VOLTS/DIV 
VARIABLE 
POSITION 
HF 3 dB POINT 
LF 3dB POINT 
AC-GND-DC (•■ INPUT) 
AC-GND-DC { INPUT) 
STEP ATTEN DC BAL 



1 mV 
CAL IN 
Midrange 
1 MHz 
10 Hz 
GND 
GNO 

Adjusted for dc balance 



Time Base Controls 

Time/ Div 

Variable 

Slope 

Coupling 

Source 

Mode 



1 ms 

Calibrated 

+ 

AC 

Int 

Auto 
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Periormance Check/Calibrallon— 7A22 



TABLE S-10 

Sine-Wave Generator Type 7A22 



1 

Amplitude 


1 

Frequency 


VOLTS/DIV 

Switch 


^ aitd - 
INPUT 
Switches 


Vertical 
Deft action 
(max) 


CMRR 

(min) 


20Vp-p 


too kHz 
iWkHz ’ 
too kHz 

« l.l 


1 mV 

Ofi mU 


AC 

AP 


1 div 


20.000:1 

45QJ 




_ M niy ' 


DC 

DC 

AC 


2 div 
1 riiw 


5001 
1 nrwvi 




r Kn£ 

1 kHz 


£V fllV 

20 mV 


1.1 div 


900.1 




60 Hz 


2 mV 


AC 


S div 1 


2.000:1 



24. Check Differential Signal Range 

a. Connect a female (o dual banana adapter and a coaxial 
cable between the DC Power Supply and the 7A22 tINPUT. 

b. Set the OC Power Supply for an output of 1 volt dc. 

c. Connect a coaxial cable between the SIne-WaveGenerator 
output and the 7A22 - INPUT. 

d. Switch the -AC-QND-DC switch to DC. 

e. Adjust the SIne-WaveGenerator amplitudecontrol togive 
5 div of 1 kHz display on the crt graticule (if the Sine-Wave 
Generator minimum amplitude is too large, insert an attenuator 
between the coaxial cable and the -INPUT). 

f. Switch the I AC-GND-DC switch to DC. 

g. CHECK— Sine-wave amplitude should not change when 
dc level from the DC Power Supply is applied. 

h. Switch the i-AC-QND-DC svritch to GNO. 

I. Reverse the female to dual banana adapter at the DC Power 
Supply to obtain an output of -DC. 

j. Switch the f AC-GND-DC switch to DC. 

k. CHECK— Sine-wave amplitude should not change when 
dc level from the DC Power Supply Is applied. 

l. Disconnect all test equipment and test leads. 



25. Ch«ck Overall Noise Level Tangentially 

a. Connect a so O termination to the HNPUT connector of 
the 7A22. Connect two 10X attenuatorsto the 50 O termination. 

b. Connect the Precision Voltage Divider to the Standard 
Amplitude Calibrator. Connect a GR to BNC adapter to the 
Precision Voltage Divider and connect the variable Attenuator to 
the Gfl connector. Connect a GR to BNC adapter to the Variable 
Attenuator. Connect a coaxial cable from the lOX attenuators to 
the Variable Attenuator. 

c. Set the standard Amplitude Calibrator lor a 4 mV output. 

d. Set the 7A22 VOLTS/DIV switch to lO^V. 

e. Turn the Variable Attenuator fully clockwise. 

f. Set the Time Base Triggering Mode to Auto and Ttme/Div to 
lOps. 



g. Turn the Variable Attenuator counterclockwise until the 
darker band between the two noise bands just disappears (see 
Fig. 5-7). 

h. Setthe7A22VOLTS/OIVswitchto1 mVandtheTImeBase 
Time/Oiv switch to 1 ms. 




Hg. S-7. Typical dispiay showing (A) two noise bands and (B) 
mergirtg itoise bends. 
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Performance Check/Calibration— 7A22 



i. Remove the two lOX attenuators ano connect the coaxial 
cable to the SO Ci termination. 

j, Measure the square wave amplitude. Calculate the tangen- 
tially measured display noise as follows: 

square wave amplitude 
100 



The tangentially measured noise should not exceed 16 mV. 
7A22 Controls 



VOLTS/OIV 

VARIABLE (VOLTS/DIV) 
POSITION 

HF 3 dB POINT 
LF 3 dB POINT 
AC-GND-DC t INPUT 
AC-GND-OC INPUT 
STEP ATTEN DC BAL 



.2 V 
CAL IN 

1 division below graticule 

center 

1 MHz 

DC 

DC 

GND 

Adjusted for dc balance 



Time Base Controls 

Time/Div 

Variable 

Level/Slope 

Coupling 

Source 

Mode 



2ms 
Cal In 

DC 

Ini 

Auto 



26. Check Overdrive Recovery Time 

a. Connect the Reed Pulse Generator Output to the 7A22 
I INPUT. 

b Connect the Reed Pulse Generator power cable to the 
oscilloscope probe power connector (rear panel). 

c. Switch the Reed Pulse Generator Polarity switch to K 

d. Hold down the Reed Pulse Generator Man switch and 
adjust the Level control to position the trace to the top graticule 
line (1 volt). 

a. Release the Man switch and switch the Time Base Mode to 
Norm. 

f. Set the 7A22 VOLTSrDIV switch to 1 mV. 



g. Increase sweep Intensity to maximum (clockwise). 

h. Depress the Reed Pulse Generator Man switch for 1 
second 

i. CHECK— The waveform as the Reed Pulse Generator Man 
switch is released. Readjust the Time Base Level-Slope as 
necessary lor propertriggering. The trace should return to within 
5 mV of the reference (1 division below the graticule center) 
within 10 pa (5 divisions). See Fig. S-8 for photograph of typical 
recovery waveform. 

j. Switch the Reed Pulso Generator Polarity switch to 

k. Set the Time Base Level/Slope to < . 

l. Decrease sweep Intensity for normal viewing. 

m. Reset the Time Base Mode to Auto. 

n. Position the trace (7A22 POSITION control) to 1 division 
above graticule center. 

o. Reset the Time Base Mode to Norm. 

p. Repeat parts g through i (waveform will be inverted from 
that in step i). 

q. Connect Reed Pulse Generator Output to the 7A22 
-INPUT and repeal above procedure. 




5-14 



REV C, MAR 1979 





Seclion 6-7A22 



REPLACEABLE 
ELECTRICAL PARTS 



PARTS ORDERING INFORMATION 



nep'acftmeni parts are available from or through your local Tektronix, Irtc FieKt Office 
or representative 

Changes to Tektronix instruments are someiunes made to accommodate improved 
components as they become available, and lo give you the benefit of the latest circuit 
improvements developed m our engineering department It is therefore important, when 
ordering parts, lo include the following information in your order Part number, inslrumenl 
type or number, serial number, and modification number if applicable 

If a part you have ordered has been replaced with a new or improved part, your local 
Tektronix Inc Field Officeor representative will contact you concerning any change in part 
number 

Change information if any i$ located at Ihe rear of this manual 



SPECIAL NOTES AND SYMBOLS 

XOOO Part first added at this senai number 
OOX Part removed alter this serial number 



ITEM NAME 

In the Parts List, an Item Name is separated Irom the description by a colon < ) 
Because of space limitations an item Name may sometimes appear as incomplete For 
further Item Name identiiicatipn the U S Federal Cataloging Handbook H6-1 can be 
utilized where possible 



ABBREVIATIONS 



ACTR 


ACTUATOR 


PLSTC 


PLASTIC 


ASSY 


ASSEMBLY 


QTZ 


QUARTZ 


CAP 


CAPACITOR 


RECP 


RECEPTACLE 


CEB 


CERAMIC 


RES 


RESISTOR 


CKT 


CIRCUIT 


HF 


RADIO FREQUENCY 


COMP 


COMPOSITION 


SEL 


SELECTED 


CONN 


CONNECTOR 


SEMICONO 


SEMICONDUCTOR 


ELCTLT 


ELECTROLYTIC 


SENS 


SENSITIVE 


ELEC 


ELECTRICAL 


VAR 


VARIABLE 


INCAND 


INCANDESCENT 


ww 


WIREWOUND 


LEO 


LIGHT EMITTING OlODE 


XFUR 


TRANSFORMER 


NONWIB 


NON WIREWOUNO 


XTAL 


CRYSTAL 
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Replaceable blectncal Parts - 7A72 



CROSS INDEX - MER. CODE NUMBER TO MANUFACTURER 

Mfr. 



Code 


._¥9J}H!*cturef 


Address 




Citv. State. Zid Code 


00213 


NYTMNICS CWPONENTS GMUP INC 
SUBSIDIARY OF NYTRONICS INC 


ORANGE ST 




DARLINGTON SC 29532 


00853 


SQNGOMO MESTON INC 
SONGOMO CAPACITOR OIV 


SONGOMO RO 
P 0 BOX 12B 




PICKENS SC 29671 


01121 


ALLEN-8RA0LEY CO 


1201 SOUTH 2ND ST 




HILMOUKEE N1 53204 


02111 


SPECTROL ELECTRONICS CORP 
sue OF CARRIER CORP 


17070 E GALE OVE 
P 0 BOX 1220 




CITY OF INDUSTRY CO 91749 


03508 


GENERAL ELECTRIC CO 
SEHI-CONOUCTOfi PRODUCTS OEPT 


N GENESEE ST 




AUBURN NY 13021 


0«222 


AVX CERAMICS OIV OF AVX CORP 


19TH OVE SOUTH 
P 0 BOX B67 




MYRTLE BEACH SC 29577 


04713 


HOTOROLA INC 
SEMICWOUCTUR GROUP 


5005 E HCOONELL RO 




PHOENIX 02 85008 


05397 


UNION CARBIDE CORP MA1ERIALS SYSTEMS 
OIV 


11901 MAOISON OVE 




CLEVELAND OH 44101 


07263 


FAIRCHlLil CAMERA AND INSTRUMENI CORP 
SENICONOUCIOR DIV 


464 ELLIS ST 




NDUNTOIN VIEM CO 94042 


07716 


TRN INC 

TRN ELECTRONICS CONPONINTS 

TRN IRC FIXED RESISTORS/BURLINGTON 


2BS0 NT PLEASANT OVE 




BURLINGTON 10 52601 


12697 


CLAROSTAT MEG CO INC 


LONER NASHINGTW ST 




DOVER NH 03820 


12954 


HICROSEMI CORP 


S700 E THONOS RO 
P 0 BOX 1390 




SCOTTSDALE 02 85252 


14193 

14433 


CAL-R INC 

ITT SEHICONOUCIORS OIV 


1601 OLYMPIC BLVD 




SANTA MONICA CA 90404 
NEST PALM BEACH FL 


14552 


HICRO/SEHICONOUCTOfi CORP 


2830 S FOIRVIEN ST 




SANTA ANA CO 92704 


15818 


TEIEDYNE INC 
TELEDYNE SEMICOWUCTOR 


1300 TERRA BELLA OVE 




MOUNTAIN VIEM CO 94043 


19396 


ILLINOIS TOOL NORKS INC 
PMTRON DIVISION 


900 FOLLIN LANE S E 




VIENNA VQ 22180 


19701 


MO»CO/ELECTRO INC 
A NORTH WERICSN PHILIPS CO 


P 0 BOX 760 




MINERAL NELLS TX 76067 


22229 


SOLITRON DEVICES INC 
SEMICOWUCTOR GROUP SAN DIEGO OPEKS 


3808 BALBOA OVE 




SW DIEGO CO 92123 


24546 


CORNING GLASS KTRKS 


550 HIGH ST 




BROOFDRO PA 16701 


24331 


SPECIALTY CONNECTOR CO INC 


2620 Q«WE3S PLACE 
P 0 BOX 0 




GREEKXOOO IN 46142 


27014 


NATIONAL SEMICONDUCTOR CORP 


2900 SEMICONDUCTOR DR 




SANTO CLARA CO 95051 


31433 


LMION CARBIDE CORP 
ELECTRONICS DIV 


PO BOX 5928 




GREENVILLE SC 29606 


32997 


BOURNS INC 
TRIMPOT DIV 


1200 COUJMBIR AVE 




RIVERSIDE CO 92507 


33095 


SPECTRUH CWTROL INC 


8061 OVONIO RO 




FOIRVIEN PA 16415 


52763 


STtTINER ELECTRONICS INC 


6135 AIRKOYS BLVO 
PO BOX 2194? 




CHATTANOOGA TN 37421 


56289 


SPRAGUE ELLCIRIC CO 


07 MARSHALL ST 




NORTH ODOMS HO 01247 


57668 


ROHM CORP 


16931 HILLIKEN OVE 




IRVINE CQ 92713 


58854 


GTE PRODUCTS CORP 
LICIITING PRODUCTS GROUP 


60 BOSTON ST 




SALEM HO 01970 


59660 


TUSONIX INC 


2155 N FORBES BLVO 




TUCSON. 0RI20N0 K705 


59821 


CENTRALOR INC 

SUB NORIH OHERICAN PHILIPS CORP 


7158 NEKCHONT OVE 




EL PASO TX 79915 


71400 


HCGRAN-EDISON CO 
BUSSMAItl HFG OIV 


502 EARTH CITY PLAU 
P 0 BOX 14460 




ST LOUIS HO 63178 


71590 


GlOeC-UNION INC 
CENTRALOR ElKTRONICS DIV 


HNY 20 N 
P 0 BOX 8SB 




FORT DODGE IA 50501 


71744 


GENERAL INSTRUMENT CORP LAMP DIV 


4433 N RAVENSHOra OVE 




CHICAGO IL 60640 


73138 


BFCUMN IKS1RUMCNTS INC HELIPOT OIV 


25U0 HARBOR BLVD 




FULLERTON CO 92634 


74970 


JOmSON E F CO 


299 10TH OVE S H 




NOSECO W 56093 


75042 


TRN INC 

TRN ELECTRMIC CONPONENTS 

IRC FIXED RESISTORS PHIIAOELPHIA DIV 


401 N 8ROAO ST 




PHIIAOELPHIA PO 1910B 


80009 


lEKTRONU INC 


4900 S N GRIFFITH OR 
P 0 BOX 600 




BEOVDITON OR 97077 


80294 


BOURNS INSTRUMENTS INC 


6135 HAGNOLIA AVE 




RIVERSIDE CO 92506 


91637 


DOLE ELECTRONICS INC 


P 0 BOX 609 




COUMBUS NE 68601 


TK1Q36 


E F JOHNSON CO 


299 10TH OVE SN 




NOSECO MN 58093 
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ReplacAabln Electrical Parts - 7A2S 



Tektronix Serial/Assembly No. Mfr. 



Component No. 


Part No. 


Elective 


Oscont 


Name A Oescriotion 


Code 


Mfr. Part No. 


fl1 


670-1013-00 






CIRCUIT 80 QSSY:BONOMtOTH 


80009 


670-1013-00 


02 


6/0-1014-00 


8010100 


8029999 


CIRCUIT 80 QSSYiHAlK 


80009 


670-1014-00 


02 


870-1014-01 


8030000 


8059999 


CIRCUIT 80 QS5Y:MIN 


80009 


670-1014-01 


02 


670-1014-03 


8060000 


8069999 


CIRCUIT 80 aS5Y:MlN 


80009 


670-1014-03 


02 


670-1014-04 


8070000 


8079999 


CIRCUIT 80 0SSY:HfilH 


80009 


670-1014-04 


02 


670-1014-05 


8080000 


8115479 


CIRCUIT 80 ASSY:MIN 


80009 


670-1014-05 


02 


670-1014-06 


8115480 




CIRCUIT 80 DSSY:M0IN 


80009 


670-1014-06 


03 


670-1050-00 


8010100 


8059999 


CIRCUIT 80 OSSY: INPUT COUPLING SH 


80009 


670-1050-00 


03 


670-1050-01 


8060000 


8118249 


CIRCUIT 80 aSSY: INPUT COUPLING SH 


80009 


670-1050-01 


03 


670-1050-02 


8118250 




CIRCUIT 80 OSSY: INPUT COUPLING SNITCH 


80009 


670-1050-02 


04 


670-1051-00 


8010100 


8059999 


CIRCUIT 80 OSSY: INPUT COUPLING SH 


80009 


670-1051-00 


04 


670-1051-01 


8080000 


8118249 


CIRCUIT 80 OSSY: INPUT COUPLING SH 


80009 


670-1051-01 


04 


670-1051-02 


8118250 




CIRCUIT 80 OSSY: INPUT COUPLING SNITCH 


80009 


670-1051-02 


C101 


295-0117-00 






COP 5b'T.H0TCHfcT):(2] 0.1UF.H0TCHED O.lt 


80009 


295-0117-00 


C103 


283-0636-00 






COP.FXO.NICO 0I:36PF. 1.41, 100V 
(FURNISHO) OS 0 HOTCHFO SEI HITH C201) 


00853 


0155E360G0 


C108 


281-0092-00 


8010100 


8059999 


COP.VOR.CER OI:9-35PF,200V 
(C1060) 


33095 


53-717-001 09-35 


C108 


281-0131-00 


8060000 




COP.VOR.QIR 01:2.4-24. 5PF.2S0V 
(C1080) 


74970 


189-0609-075 


cioe 


281-0131-00 






COP,VQfi,OIR 01:2. 4-24. 5PF,2S0V 

(cioec) 


74970 


189-0609-075 


C108 


283-0638-00 






COP.FXO.NICO OI:130PF.1Z,100V 
(C1080) 


00853 


0156F131FO 


C109 


281-0092-00 


8010100 


8059999 


COP.VOR.CER DI:9-35PF.200V 
(C1090) 


33095 


63-717-001 09-36 


C109 


281-0131-00 


8060000 




COP.VOR.OIR 01:2.4-24. 5PF.250V 
(C1090) 


74970 


189-0509-076 


C109 


281-0081-00 






COP.VOR.OIR 0I:1.8-13PF.37SVDC 
(C109C) 


74970 


189-0506-075 


C1D9 


283-0594-00 






COP.FXO.NICO 01:0. 001UF. 11. 100V 
(C1090) 


00853 


0151F102FO 


Clio 


281-0092-00 


8010100 


8069999 


COP.VOR.CER 0I:8-35PF.2O0V 
(C1100) 


33095 


53-717-001 09-36 


Clio 


281-0131-00 


8060000 




COP.VOR.OIR 01:2. 4-24. 5PF.2S0V 
(C1100) 


74970 


189-0509-075 


C110 


281-0079-00 






COP.VOR.OIR 01:1.5-9. 1PF,3^V 
(CHOC) 


74970 


189-0504-075 


C110 


283-0617-00 


8010100 


8119999 


COP.FXO.HICO OI:47OOPF.1O1.3O0V 
(C11N) 


00853 


D196F472K0 


Clio 


283-0756-00 


B120000 




COP.FXO.NICO 01:4700 PF 51,300V 
(C1100) 


00653 


D195F472J0 


C115 


281-0092-00 


8010100 


8059999 


COP.VOR.CER 0I:9-36PF.200V 


33095 


53-717-001 09-35 


C115 


281-0131-00 


8060000 




COP.VOR.OIR 0I:2.4-24.5PF.250V 


74970 


189-0509-075 


C141 


281-0093-00 






COP.VOR.CER DI:5.5-18PF,350V 


59660 


538-01106.6-18 


C144 


281-0544-00 


8010100 


8079999 


CflP.FXO.CES OI:5.6PF,V0.5PF.5O0V 


52763 


2R0PLZ007 270PHO 


C144 


201-0122-00 


8080000 




COP.VOR.CER 0I:2.5-9PF.1O0V 


59660 


518-00002.5-9 


C1S6 


283-0594-00 






COP.FXO.NICO DI:0.001UF. 11,100V 


00853 


D151F102F0 


C201 


295-0117-00 






COP SET,NaTCHE0:(2) 0.1UF.NATCHED 0.11 
(FURNISHED OS 0 NOTCHED SET HITH C103) 


80009 


295-0117-00 


C203 


283 0636-00 






COP.FXO.HICO 0I:36PF, 1.41, 100V 


00853 


015SE360GO 


C208 


281-0092-00 


8010100 


8059999 


COP.VOR.CS) 01:9-3SPF,200V 
(C2080) 


33095 


53-717-001 09-35 


C208 


281-0131-00 


8060000 




COP.VOR.OIR 0I:2.4'24.SPF,2S0V 
(C2080) 


74970 


189-0509-075 


C208 


281-0131-00 






COP.VOR.OIR 01:2.4-24.SPF,2S0V 
(C208C) 


74970 


189-0509-075 


C20e 


283-0638-00 






COP.FXO.HICO OI:130PF,11.100V 
(C2080) 


00853 


0155F131FO 


C209 


281-0092-00 


8010100 


8059999 


COP.VOR.CER 0I:9-36PF,200V 


33095 


53-717-001 09-35 



(C209P) 
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Tektronix 


Serial/Aaaembly No. 




Mfr. 




Comoonant No. 


Part No. 




Dacont 


Name A Deacrlotion 


Code 


Mtr. Part No. 


C209 


281-0131-00 


8060000 




CAP.VOR.BIfl 01:2. 4-24. 5PF ,250V 
(C2090) 


74970 


189-0509-075 


C2M 


281-0081-00 






CAP.VU.BIR 0I:1.e-13PF,37SVDC 
(C209C) 


74970 


189-0506-075 


C209 


283-0594-00 






CAP,no,MlCO OI:0.001UF,1X,100V 
(C2090) 


00853 


0151F102F0 


C210 


261-0092-00 


8010100 


8059999 


C0P,V0B,CES 0I:9-35PF,2O0V 
(C2100) 


33095 


53-717-001 09-35 


C210 


261-0131-M 


8060000 




caP.VAR.OIR 0I:2.4-24.5PF,2S0V 
(C2100) 


74970 


189-0509-075 


C210 


281-0079-00 






CAP,VM,B1R 01:1.5-9. 1PF, 375V 
(C210C) 


74970 


189-0504-075 


C210 


283-0817-00 


8010100 


8119999 


CAP,FX0,HICR 0I:4700PF, 101. 300V 
(C2100) 


00853 


0195F472KO 


C210 


283-0756-00 


8120000 




COP.FXO.HICO 01:4700 PF SI, 300V 
(C210D) 


00853 


0195F472J0 


C215 


281-0092-00 


8010100 


8059999 


COP.VU.CER DI:9-35PF,200V 


33095 


53-717-001 09-35 


C215 


281-0131-00 


8060000 




UP,VDR,RIR 01:2.4-24. 5PF,2S0V 


74970 


189-0509-075 


C241 


281-0093-00 






COP.VQR.CER Ol:5.5-1BPF,3SOV 


59660 


538-01105.5-18 


C2«4 


281-0544-00 






COP.FXO.CER 01:5.6PF,«/0.5PF,500V 


52763 


2ROPLZ007 270PN0 


C2S6 


283-0594-00 






CAP.FXO.HICA OI:0.001UF.1l,100V 


00853 


0151F102FO 


C264 


283-0059-00 






COP.FXO.CER Dl:1UF,«e0-20X,S0V 


31433 


C330C105H5R5C0 


C283 


290-0284-00 






CflP.FXD,ELCTLT:4.7UF.10t,35V 


05397 


T110847SK0350S 


C307 


290-0297-00 






COP . FXO .EICTLT : 39UF. 10X . 10V 


05397 


T1108396K0100S 


C315 


281-0613-00 






COP.FXO.CER 01:10PF,1X,500V 


59660 


374-018COC0100F 


C317 


290-0297-00 






COP . FXO . EICT LT : 39U F . 1 OX . 10V 


05397 


T1108396K010AS 


C325 


290-0297-00 






COP . FXO . EIXT LT : 39U F , 1 0X , 1 0V 


05397 


T1108396IC0100S 


C329 


283-0002-00 






COP.FXO.CGI 01:0.01UF,«80-20X.500V 


59821 


D103Z4OZSUIROEG 


C330 


281-0114-00 






COP.VQR.OIR 01:1. 3-5.4PF, 425V 


TK1036 


189-0752-075 


C3«9 


290-0177-00 






COP . FXO . EIXTLT : 1UF ,20X , 50V 


05397 


T3200105W^S 


C353 


285-0809-00 






C0P,FX0.PlOSTIC:1UF.10X.50V 

(C3S30) 


56289 


LP66010105K 


C3S3 


^-0909-00 






CaP.FX0.PLASTIC:1UF.10X,S0V 

(C3S30) 


56289 


LP6601Q105K 


C353 


283-0058-00 






COP.FXO.CER OI:0.027UF,10X,100V 
(C3S3C) 


04222 


Sfi301C273KA0 


C413 


281-0534-00 






COP.FXO.CER 01:3.3PF,*/-O.25PF,SO0V 


52763 


2ROPLZ007 3P3KC 


C425 


281-0093-00 






COP.VOR.CER 0I:5.5-18PF,350V 


59660 


538-01105.5-10 


C428 


281-0528-00 






COP.FXO.CER OI:82PF,*/-8.2PF.500V 
(C4280) 


59660 


3O1-OOOU2M082OX 


C426 


283-0604-00 






COP.FXO.HICO 01:304PF,2X,500V 
(C42S8) 


00853 


0155F3040GO 


C426 


283-0594-00 






COP.RQ.MICO 01:0.001UF,1X,100V 
(C426C) 


00853 


01S1F102FO 


C428 


285-0627-00 






CAP,FXO,PIASTIC:0.0033UF,5X.100V 

(C4260) 


07716 


TEK44-332S1 


C426 


285-0598-00 






CAP,FXO,PIOST1C:0.01UF,5X.100V 

(C428E) 


19396 


MM908103J 


C426 


285-0702-00 






COP, FXO, PIAST1C:0.033UF,SX, 100V 
(C426F) 


19396 


0U591/74-16903 


C426 


285-0703-00 






COP, FXD,PUtSTtC:0.1UF,SX, 100V 
(C426C) 


19396 


104J01PT605 


C426 


285-0633-00 






COP, FX0,PlOSTIC:0.22UF,10X, 100V 
(C42M) 


56289 


192P22492 


C443 


283-0000-00 






COP.FXO.CER OI:0.001UF,«100-6X,500V 


59660 


831-610-T5U0102P 


C445 


283-0092-00 






COP.FXO.CER 0I:0.03UF,*80-20X,200V 


59660 


04S-534ZSU0303Z 


C447 


283-0111-00 






COP.FXO.CER 0I:0.1UF.20X,50V 


05397 


C33OC1O4M5U1C0 


CS13 


281-0534-00 






COP.FXO.CER OI:3.3PF.V-O.25PF,5O0V 


52763 


2ROPLZ007 3P30CC 


C543 


283-0000-00 






COP.FXO.CER DI;0.001UF,«10O-OX.SO0V 


59660 


831-610-Y5U0102P 


CS4S 


283-0059-00 






COP.FXO.CER DI:1UF,t80-20X.50V 


31433 


C33OC105MSR5CO 


C547 


203-0134-00 






COP.FXO.CER 01:0.47UF.8O-2OX.S0V 


05397 


C330C474Z5U1C0 


C610 


283-0080-00 






COP.FXO.CER 01:0.022UF.*80-20X.2SV 


59821 


200U60E223Z 
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C620 


203-0080-00 






CAP.FXD.CER Dt:0.022UF.*8Q-2(R.25V 


59821 


200U60E2232 


CB30 


Tos-ooeo-oo 






CAP.FXD.CER DI:0.022UF,*eO-20Z.2SV 


59821 


200U60E2232 


CS119 


152-0323-00 






SEMICOND 0VC,0I:SN.S1.35V,0. 10.00-7 


14433 


NC1S18 


CS120 


152-0323-00 






SBIICONO OVC.DI:SN.SI.35V.0. 10.00-7 


14433 


N61S18 


Cfi131 


152-0141-02 






SBtICONO 0VC.0I:SN.S1. 30V. 150N0.30V. 00-35 


03508 


DA2527 (1N4152I 


CtMM 


152-0141-02 






5BIIC0ND OVC .01 :SN.SI, 30V, 1S0HQ. 30V .00-35 


03508 


DA2S27 (1N4152I 


CK219 


152-0323-00 






SBIICONO DVC.Di:SN.S1.35V.0. 10.00-7 


14433 


NC1518 


01220 


152-0323-00 






SBIICONO DVC.0I:SN.SI,35V,0. 10.00-7 


14433 


HG1518 


CR2M 


152-0141-02 






SBIICOM) OVC.OI:SN.Sl,30V.150M.30V.X-35 


03508 


002527 C1N4152J 


CR280 


152-0141-02 






SBIICONO OVC.0I:SN,S1.30V.15OM.3OV.W-35 


03508 


0A2527 (1N4152) 


c«m 


152-0141-02 






SBIICONO DVC.OI:SN.SI.30V.150M.30V.X-35 


03508 


002527 (1H4152) 


CR341 


152-0141-02 






SBIICOfO OVC.OI:SN.S1.30V.150M,30V.X-35 


03508 


002527 C1N4152] 


CR343 


152-0141-02 






SBIICONO DVC.O!;SN.S1.30V.150N0,30V.X-35 


03508 


002527 (1N4152] 


CR413 


152-0141-02 






SBIICONO DVC.0I:SN.St.30V,15OH0,30V,X-35 


03508 


002527 (1N4152I 


CIM15 


152-0141-02 






SBIICOfO OVC.0I:SN.SI.3OV,150M0,3OV,n-35 


03508 


002527 (1N4152] 


CR417 


152-0141-02 






SBIICOfO 0VC.Ot:SH.SI.30V,15ON0,3OV.n-3S 


03508 


002527 (1N4152j 


CM19 


152-0141-02 






SBIICOfO OVC.DI:SN.SI.30V,150MQ.30V.n-35 


03508 


002527 C1N4152I 


0513 


152-0141-02 






SBIICOfO OVC.OI:SN.SI.30V.150H0.30V.n-35 


03508 


002527 (1N4152) 


0615 


152-0141-02 






SBIICOfO 0VC.0I:SN.S1.30V.1S0M,30V,n-35 


03508 


002527 [1N4152) 


CRS17 


152-0141-02 






SBIICOfO 0VC,DI:SM.SI.30V.150M.30V,ro-35 


03508 


002527 C1N4152) 


CBS19 


152-0141-02 






SBIICOfO DVC.DI:SN,SI.30V.150N0.30V.ro-35 


03508 


002527 (1N4152I 


0510 


152-0141-02 






SBIICONO DVC.DI:SN.SI,30V,150M,30V.ra-35 


03508 


002527 (1N41523 


0515 


152-0141-02 






SBIICOfO 0VC.0I:SR.SI,30V,150Hfi.3OV,n-35 


03508 


002527 (1N4152J 


0510 


152-0141-02 






SBIICOfO 0VC.DI:SN.SI.30V,150M),30V.M-35 


03508 


002527 C1N4152] 


0520 


152-0141-02 






SEMICOfO OVC.0I:SN.SI,30V.150N0.3OV,M-35 


03508 


002527 (1N4152I 


0530 


152-0141-02 






SBIICOfO OVC.OI:SH,SI.30V.150M.30V.n-35 


03508 


002527 C1N4152) 


DS101 


150-0093-00 


8010100 


8039999 


UMP.tNCMD:SV,0.06A.68330S15.NIRE U) 


71744 


68330S15 


0S101 


150-0057-01 


9040000 


8059999 


UWP.INC0fO:SV.O.115O.MIRE LQ.OGEO » SEL 


71744 


7153 OS 15 


0S101 


150-0048-01 


9060000 




LeNP,INCflfO:5V.0.060,M83.QGEO 6 SEL 


58854 


6830S15 


DS301 


150-0046-00 






LM>.INC(IMI;10V,0.04«.t21070.NlRE LEOO 


71744 


CM2107 


F119 


159-0024-00 






FUSE.CORTRIXE:3(IG.0.062fl.2S0V.0.3SEC 


71400 


MCB 1/16 


F219 


159-0024-00 






FUSE,CARTRIOGE:30C.0.0620,250V.0.3SEC 


71400 


NCB 1/16 


J101 


131-0879-00 


9010100 


8093219 


C0ftl,RCI>t.ELEC:BNC.HaLE.3 CONTACT 


24931 


28JR166-1 


J101 


131-0679-02 


9093220 




C0MI,RCPT.ELEC:8NC.H0LE.3 CONTACT 


24931 


28JR270-1 


J201 


131-0679-00 


9010100 


8093219 


C0ftl.RCPT.ELEC:8NC.HBLE.3 CONTACT 


24931 


28JR168-1 


J201 


131-0679-02 


9093220 




C0fti.fiCPT,ELEC:8NC.HALE.3 CONTACT 


24931 


28JR270-1 


Q133 


151-1027-00 


9010100 


8099999 


TRAN5IST0R:FEI .N-CHON.SI .TO-71 


80009 


151-1027-00 


Q133 


151-1101-00 


9100000 


8118829 


TRANSISTOR: FE.N CMfMEL.SI. TO-71 


27014 


2N556S 


Q133 


151-1027-00 


9118830 




TRANSISTOR: FET .N-CHAh,SI .TO-71 


80009 


151-1027-00 


Q144 


151-0261-00 






TRANSIST0R:mP.SI.T0-77 


04713 


S0441 


0153 


151-1028-00 






TRANSISTOR: FET ,N-0«N,SI .TO -5 


22229 


F297S 


0253 


151-1028-00 






TRANSISTOR: FET .N-CHAN.SI .TO-S 


22229 


F2975 


0264 


151-0261-00 






TRANSIST0R:PNP.SI.T0-77 


04713 


SD441 


0273 


151-1028-00 






TRANSISTOR: FET .N-CHAN.SI .TO-5 


22229 


F2975 


0203 


151-1028-00 






TRANSISTOR: FET .N-CHAN.SI .TO-5 


22229 


F2975 


0294 


151-0195-00 






TRANSISTOR:SELECTEI) 


80N9 


151-8195-00 


0304 


151-0260-00 






TRAN5ISTOR:NPN.SI.TO-39 


04713 


ST1083 


0314 


151-0220-00 






TRAN5IST0R:PNP,SI.T0-92 


80X9 


151-0220-00 


0324 


151-0228-00 






TRANStSTOR:PNP.St.T0-1OS 


07263 


S21862 


0334 


151-0228-00 






TRANStSTOR:PNP,St .T0-105 


07263 


S21862 


0344 


151-0195-00 






TRANSISTOR:SELECTED 


80009 


151-0195-00 


0354 


151-0195-00 






TRANSISTOR:SElECTED 


80009 


151-0195-00 


0404 


151-1019-00 


8010100 


8069999 


TRANSISTOR:FET.N-CtlON.SI, TO-71 


15818 


SU2235 


0404 


151-1050-00 


8070000 




TRANSI5T0R:FET,N-CHAN.SI .TO-71 


04713 


SF01050 


0414 


151-0261-00 






TRANSIST0R:PNP.SI.T0-77 


04713 


S0441 


0424 


151-0219-00 






TRONSISTOR:PNP.SI.R-124 


07283 


S022650 


0434 


151-0219-00 






TRANSIST0R:Pf»>.SI.R-124 


07263 


S0226S0 


0444 


151-0219-00 






TRANSIST0R:mP.SI.R-124 


07263 


5022650 


0454 


151-0219-00 






TRANSIST0R:mP.SI.R-124 


07263 


S022650 
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0524 


151-0219-00 






TRMSIST0R:PNP,S1,R-124 


07263 


S022850 


0534 


151-0219-00 






TRflNSIST0R:PNP,SI.R-124 


07263 


S022650 


0544 


151-0219-00 






TR0NSIST0R:PNR.SI.R-124 


07283 


S022650 


0554 


151-0219-00 






TR0NSIST0R:mP,SI,R-124 


07263 


S022650 


0614 


151-0254-00 


8010100 


8116609 


TRONS I STOR : OORLIiCTON ,NPN,S I 


03508 


X38L311B 


0614 


151-0281-00 


8116610 




TRDNSISTOR:Nf>N,SI,400 HILLMOTTS 


03508 


X16P4039 


R103 


315-0105-00 






fiES,FX0,FUM:1M 0HM.5Z.0.25N 


19701 


5043aiHOOOJ 


R108 


323-0611-07 






RES,FXD,FILN:900K OtM,0.12,0.5M,TCsT9 
(fiioec) 


19701 


5053RE9000KOe 


R108 


321-0389-01 






RES,FXD,nU(:110K OHN,0.5Z,0.129<,TC=TO 
(01080) 


19701 


SO33RO110K0O 


R1D8 


311-0609-00 






RG,VaR,N0ftM:TRMR,2K OHH.O.SM 
(R108E) 


32997 


3329H-L58-202 


R109 


323-0614-07 






RES.FX0.FUN:990K 0fM.0.1Z,0.SN,TC=T9 
(R109C) 


19701 


5O53RE990K0B 


R109 


321-0289-00 






RES,FXD,FIUI:10.0K OHM,1Z,0.12SN,TC=TO 
(R1090) 


19701 


5033E010K0F 


R1D9 


311-0605-00 






RES,VBR,N0fm:TRNR,200 OHM.O.SN 
(R109E) 


32997 


3329H-G48-201 


R110 


323-0623-07 






RE5.FX0.F1LM:999K 0HH.0.1Z,0.SH,TC=T9 
(R11K) 


19701 


S053RE999K08 


R110 


321-0197-00 






RES,FX0,FIUI:1.10K 0W,1Z.0.12SN,TC=T0 
(R110D) 


07716 


CE0011000F 


R110 


311-0609-00 






RES,VQR,N0tNf:TRKR,2X OHM.O.SM 
(R110E) 


32997 


3329H-L58-202 


R110 


321-0289-01 






RES,FXD.FIU>:10.0K OW,0.5Z,O.12SN,TCsTO 
(R110F) 


07716 


CEQ0100010 


R111 


323-0481-07 






RES,FXD,FIIM:1 MG! OHM,0.1Z.O.SM,TC=T9 


19701 


5O53RE1MOO0B 


R115 


311-(»27-00 


8010100 


6069999 


RES.VW,N0NM1:TRHR,2S0 OHH.D.SN 


01121 


SV2511 


R115 


311-1260-00 


8070000 




RES.VUI,N0)WI;TRNR,250 0HK.0.5M 


32997 


3329P- 158-251 


R118 


311-0635-00 






RE5.VaR.N»NI;TRNR,1K OfM.O.SH 


32997 


3329H-G48-102 


R117 


321-0210-00 






RES,FX0,FlUi:1.50K Oi«,1Z,0.12SM,TC-T0 


19701 


5033ED1K50F 


R119 


315-0510-00 






RE5,FX0.FIUI:51 0»I,SZ,0.2S)1 


19701 


5O43CXS1R00J 


R121 


321-0344-00 






RES,FXD,FIU(:37.4K 0»t,1Z.0.12SN,TC:T0 


19701 


S033EO 37K40F 


R123 


315-0151-00 






RES,FX0,FIU(:1S0 0W,SZ.0.2SH 


57668 


MTR25J-E150E 


R133 


308-0495-00 






RES,FX0,W<:4.5K 0i«,0.1Z.3M,TC=10PPN 


00213 


1240S-4500-0.1 


R141 


315-0512-00 






R6S,FX0,FIUI:5.1K 0HM,SZ,0.25M 


57668 


NTR25J-E05K1 


R14S 


321-0289-00 






RES,FX0,F!Uf:10.0K 0»».1Z,0.125>t,TC=TO 


19701 


5033ED10K0F 


R1S1 


308-0546-00 






fiE5,FX0,l«:125 »«.0.1Z,3M,TC:Z)PPH 


00213 


12405-125-0.1 


R153 


321-0114-00 






RES,FX0,F!UI:15D 0HM,1Z,0.125 H.TC=T0 


19701 


5033ED150R0F 


R1S5 


315^)101-00 






RES,FXO,FIIN:100 0)M.5Z,0.2SM 


57668 


KTR2SJ-E 100E 


R157 


321-0030-00 






RES,FXD,FUM:20.0 OHH.1Z.0.12SNJC=TO 


57668 


CR814FXE 20 OHM 


R1S9 


308-0436-00 






fiES,FXD,MM:2X 0tW,0.1Z,3N,TC=10PPN, 


00213 


12405-2000-0.1 


R203 


315-0105-00 






RE5,FX0,FUM:1N 0HM,SZ,0.2SN 


19701 


5O43CX1MO0OJ 


R208 


323-0611-07 






RE5,FXO,FILM:900K 0»M,0.1Z,0.5M,TC=T9 
(0208C) 


19701 


5053RE9000K08 


R20e 


321-0389-01 






fiES,FX0,FlUI:110K OW.O.SZ.O.ITSN.TOTO 
(R2000) 


19701 


5033RD110K0D 


R209 


323-0614-0? 






RES.FXD.FiUI:990K OHN,0.1Z,0.SM,TC=T9 
(R209C) 


19701 


50S3RE990K08 


R209 


321-0289-00 






RG,FX0.FUN:1Q.0X 0HN.1Z,0.12SM.TC-T0 
(R2090) 


19701 


5033EUm0F 


R210 


323-0623-07 






RFS,FX0,FUN:999K CM«,Q.1Z.0.SN,TC=T9 
(R210C) 


19701 


5053RE999K08 


R21(l 


321-0197-00 






RES,FXO,F1U(:1.10K 0W.1Z,D.12SHJCsT0 
(R2100) 


07716 


CER011000F 


R210 


321-0289-01 






RE5.FXD,F1UI:10.0K 0HN,0.SZ,0.12SH,TC=T0 
(R210F) 


07716 


CE0010001D 


0211 


323-0481-07 






RES,FX0.FILM:1 MEG OHH.0.1Z,0.5M,TCsT9 


19701 


5053RE1M0008 


R215 


311-0827-00 


8010100 


8069999 


RES,V0R,WMt(:T«NR,250 OHM.O.SN 


01121 


5V2511 


R215 


311-1260-00 


0070000 




RE5,VW,MM«:TflMR,2S0 0HK.0.5M 


32997 


3329P-LS8-251 
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CoOe 




R217 


321-0222HW 






8ES.FXO,F1UI:2.00K OHM, 1Z,0. 1258. TC=T0 


19701 


5033ED2KOOF 


0219 


315-0510-00 






8eS,FXD.F[Ui:51 OHM, 51,0.2511 


19701 


5O43CX51R00J 


8227 


315-0562-00 






8ES,FXD,FIUt:5.6K 0HM,5Z,0.2SH 


57666 


NTR2SJ-E05K6 


8233 


306-0495-00 






8ES,FX0,HN:4.5K OHM,O.U,3M.TC^10PPN 


00213 


1240S-4500-0.1 


8241 


315-0512-00 






8ES,FX0,FIIM:S.1K 0HH,5X,0.25M 


57666 


NTR2SJ-E05K1 


8245 


321-0289-00 






BES,FX0,F1UI:10.0X 0HH,1X,0.125H.TC:T0 


19701 


5033ED10KOF 


8251 


306-0546-00 






BES,FXD, 181:125 OHM,0.1X,3H,TC=20PPM 


00213 


1240S-125-0.1 


8253 


321-0114-00 






8FS,FX0,FILM:150 OtM,1X,0.12S N,TC=T0 


19701 


S033ECI150R0F 


8255 


315-0101-00 






8ES,FX0,FIU(:100 OHN,5X,0.2SM 


57666 


NTR2SJ-E 100E 


8256 


315-0165-00 






8FS,FX0.FIlM:1.eM 0HM,5Z,0.2SH 


01121 


C618S5 


8257 


321-0030-00 






B£S,FXII.FUM:20.0 OHM,1X,0.12SN,TC:TO 


57666 


CR614FXE 20 OHM 


8256 


311-0487-00 






8ES,V08,N0NMH:PNL,1O0X OHH.O.SH 


01121 


H770S8 


8259 


308-0436-00 






BES,FX0,HM:2K OHM,0.1X,3N,TC=10PPH, 


00213 


1240S-2000-0.1 


8261 


321-0126-00 






8ES,FX0,FIIM:200 0HN.1X,0.12SH,TCsT0 


19701 


5033E0200R0F 


8263 


321-0385-00 






BES,FX0,FIIM:100K 0W,1X.0.12SM,TC*T0 


19701 


5033ED100KOF 


8264 


321-0414-00 






8ES,FX0,FIUI:200K 0HM,1X,0.12SN,TC:T0 


07716 


CEQD20002F 


8265 


311-0887-00 






8ES,va8.N0»«:PNL,50K OHM.IOX.O.SH 


71590 


60215-003 


8267 


321-0305-00 






BES.FXO.FIUCIOOK 0»l,H,0.12SM,TCsTO 


19701 


5033ED100KOF 


8269 


321-0126-00 






BES,FX0,FIU<:200 0HN,1X,0.12SH,TC=T0 


19701 


5033ED200R0F 


R27D 


311-0889-00 






8ES.V08,NH:PNL,SK OHM, IN 


02111 


182-214 


8271 


306-0436-00 






BES,FX0,m:2K DHM,0.1X,3R,TC=10PPM, 


00213 


1240S-2000-0.1 


8273 


321-0114-00 






8ES,FX0,FIUI:1S0 OHM, 1X, 0.125 N,TC=T0 


19701 


5033QJ150ROF 


8275 


311-0532-00 






8ES,VU,MN:T8H8,1.5K 0MI,1N 


76042 


100-0000-162 


8277 


321-0114-00 






8ES,FX0,FUM:150 OHH.1Z,0.12S N,TC:T0 


19701 


5033E015OROF 


8279 


308-0436-00 






8ES,F»),MI:2K 0»(,0.1X,3H,TC=10PPM, 


00213 


1240S-2000-0.1 


8281 


321-0126-00 






BES,FXO,FUil:200 0HH,1X,0.125M,TC=T0 


19701 


S033ED200ROF 


8283 


323-0220-00 






BES,FX0,FIUI:1.91K 0HM,1X,0.5M,TC=T0 


19701 


5053R01K900F 


8285 


321-0423-00 






8ES,FX0,FIlJI:249K 0HN,1X,0.125H,TCsT0 


19^1 


5043ED249K0F 


8287 


308-0633-00 






8ES,FX0,t«:47S 0HM,0.1X,3M 


00213 


1240S 475-0.1 


8289 


308-0633-00 






8ES.FX0.m:47S 0HM,0.1X,3M 


00213 


1240S 475-0.1 


8291 


321-0423-00 






eES,FX0,FlUI:249K 0KH,1X,0.12SH,TC=T0 


19701 


5043ED249K0F 


8293 


323-0214-00 






8ES,FXD,FILN:1.65K 0HM,1Z,0.5N,TC=T0 


19701 


5053RD1X650F 


8301 


323-0256-00 






BES.FXD,FIU(:4.53K OHH,1X,O.5H,TC=T0 


19701 


S053R04K530F 


8303 


317-0511-00 






8ES,FX0,CHPSN:510 0HM,SX,0.12SH 


01121 


965115' 


8^ 


315-0103-00 






8ES,FX0,F1UI:10K 0HH,5X,0.2SM 


19701 


5O43CX10K0OJ 


8307 


315-0103-00 






8E5,FX0,FIUI:10K 0HM,5X.0.2SH 


19701 


SO43CX1OK0OJ 


8309 


315-0512-00 






8ES,FX0,F11M:S.1K 0W,5X,0.2SN 


57668 


NTR25J-E05K1 


8311 


315-0513-00 






RES,F»},FILM:S1K 0t«,5X,0.2SN 


57666 


NTR25J-ES1K0 


8313 


315-0101-00 






8ES,FXO,FUM:100 0HM,SX,0.2SM 


57666 


NTR25J-E 100E 


8315 


315-0222-00 






8£S,FX0.FIUI:2.2K OHN,5X,0.2SH 


57666 


NTR25J-B)2K2 


8323 


301-0562-00 






8ES,FXD,FUJI:S.6K 0HN,5X,0.SH 


19701 


5053CX5X600J 


8325 


321-0160-00 






8ES,FX0,FILM:453 0HM.1X,0.12SH,TCsT0 


19701 


5033ED4S380F 


8331 


315-0473-00 






8ES,FX0,FIU(:47K 0W.SX,0.2SN 


5766B 


NTR2SJ-E47K0 


8333 


315-0433-00 






8ES,FXD.FUM:43K 0HN,SX.0.2SN 


19701 


5043CX43K0OJ 


8335 


321-0164-00 






BES,FXD.FIU(:006 OHM, IX, 0. 125)1, TC=T0 


19701 


5033EU806ROF 


8337 


315-0104-00 






RE5,FX0,FUM:100K D»t,5Z,0.2SH 


57666 


NTR2SJ-E100K 


8341 


315-0364-00 






RES,FX0,FILM:360K 0W,5Z,0.2S)I 


57666 


NTR2SJ-E360K 


8343 


315-0363-00 






BES,FX0,FIUI:36K OHM,SX.0.25N 


57668 


NTR2SJ-E36X0 


8345 


315-0105-00 






RES,FX0,FUM:1M 01M,5X,0.2SM 


19701 


5043CX1MOOOJ 


8349 


315-0204-00 






RES,nai,FiUI;200K 0HM,5X.0.2SM 


19701 


5043CX200KOJ 


8351 


315-0151-00 






8ES,FXD,FUN:150 0HM,5Z,0.2SN 


57688 


NTR2SJ-E150E 


8353 


321-0303-00 






8ES,FXO,FIUI:14.0K 0HH,1Z,0.12SM,TCsT0 
(83530) 


07716 


CEOO 14001F 


8353 


321-0406-00 






8ES,FX0,FILN:174K 0HM,1X,0.125N,TC:T0 
(83538) 


07716 


CE0017402F 


8353 


301-0165-00 


8010100 


6119999 


8ES,Fn),FIUI:1.6H 0W,SX,0.S)1 
(B3S3C) 


19701 


50S3CX1H600J 


8353 


301-0155-00 


6120000 




8fS,FX0,FlUI:1.SH 0HM,SX,0.5M 
(83530 


01121 


EB15S5 
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R3S3 


321-0303-00 






RCS,FX0.FIU(:14.0K 0W.1X.0.129I.TC-T0 
(R3S30) 


07716 


CEAO 14001F 


R3S3 


321-0408-00 






RES,Ra).FUN:174X OMH.1X,O.12SM,TC=T0 
(R353E) 


07716 


CEU17402F 


R3S3 


301-0165-00 


8010100 


8119999 


RES.FX0,Fim:1.6M 0HM,SX,0.5M 
(R3S3F) 


19701 


50S3CX1N600J 


R3S3 


301-01S5-00 


8120000 




RE5,n(D,FUII:1.5M OHH,5X,0.5M 
(83530 


01121 


EB15S5 


R401 


315-0202-00 






RES,FX0,FIlil:2K 0HN.SX,0.2SM 


57668 


NTR2&I-E 2K 


R403 


321-0272-00 






RFS,FX0,FIUt:6.65K 0HN,1X,0.12SN,TC:T0 


19701 


S043E06K650F 


R40S 


321-0039-00 






RES.FX0.FILN:24.9 0W,1X,0.12SMJCsT0 


91637 


CMFbS116C24B90F 


R407 


321-0001-01 






RES,FX0,FIUI:10.0 OHH, 0.51,0. ITSM.TCsTO 
(R407A) 


19701 


SO33B01OB0O0 


R407 


321-0762-01 






RES,FXO,F1UI:20.1 OHM,O.5l,O.12SM,TC:T0 
(R407B) 


91637 


CMF5S116C20B100 


R407 


321-1068-01 






BES.FX0,FIIM:50.S OIM.0.5X,0.12SH,TC-T0 
(B407C) 


57668 


BS14 OXE 50E5 


R407 


321-0098-01 






RCS.FX0,FIUI:102 IM<,0.5X,0.12SN,TC-Ta 
(R407D) 


07716 


CEU102R00 


R407 


321-0127-01 






RES.FXD.FIUI:205 IMi,0.5X,0.12SM,TCsT0 
(R407E) 


19701 


5033R0205R0D 


R407 


321-1166-01 






RES,FXD,FIlil:530 0W,0.5X,0.12S)l,TCsTO 
(R407F) 


19701 


S033R053ORO0 


R407 


321-0763-07 






RES,FY0,FIUI:1.12K 0HM,O.1X,0.12SM,TC=T9 
(R407G) 


19701 


5033RE1K1208 


R407 


321-1231-01 






RES,FX0,FIUI:2.52K 0HM,0.5X,0.12SN,TCsT0 
(R407H) 


07716 


CE002S200D 


R407 


321-1289-01 






RES,FXD,FIUI:10.1IC OHN.O.5X,0.12SN,TC:T0 
(B407J) 


19701 


5033R010K1DD 


R407 


321-0332-00 






BCS.n(0.FIUI:28.0K 0»(,1X.0.12»,TC=T0 
(R407K) 


07716 


CEM28001F 


R409 


321-0343-00 






RES,FX0,FUM:36.SK 0»M,1X,0.12SH,TC:TO 


07716 


CBI036501F 


R413 


321-0361-00 






RES.FX0.niN:56.» 0HM,1X,0.12SM,TCsTO 


07718 


CEA056201F 


R421 


321-M14-00 






BE5,FXD,FIUI:10.1K OHM,1X,0.12SH,TC:TO 


19701 


5043ED10K10F 


R423 


315-0101-00 






RES,FX0,FUN:100 0HN,5X,0.2SM 


57668 


KTR25J-E 100E 


R425 


311-0704-00 


8010100 


6069999 


RES,VBR,MMtl:TRMR,500 QHM,0.5N 


73138 


91-101-0 


R42S 


311-1261-00 


8070000 




RES.VAR,N0tM1:TRMt,5O0 0191,0. SM 


32997 


3329P-L»-501 


R427 


321-0227-00 






RES,FX0,FIIN:2.26K 0W,1X.0.12SR,TC-T0 


07716 


CEA022600F 


R430 


311-0888-00 


8010100 


8069999 


RES,Vm,N0W81:PNL,2X10K OIM.IOX.O.SM 


12697 


381-CN40098 


R430 


311-0888-01 


807tnOQ 




RFS,VaR,MM81:PNL,2X10IC OHN.O.SM.H/SN 


12697 


CIM009& 


R431 


321-0334-00 






RES,FXD,F1UI:29.4K 0HH,1X,0.12SH,TC-T0 


07716 


CEA029401F 


R432 


321-0164-00 






BE5,FX0,FUN:499 OHt.tX.O.ITSH.TC-TO 


19701 


S033ED499R0F 


R433 


321-0335-00 






RES,FX0,FUM:30.1K OIM,1X,0.12SN,TCsTO 


57568 


R814FXE30K1 


R434 


321-0211-00 






RES,FX0,FIUI:1.S4« 0HM.1X,0.12SM,TOT0 


07716 


CEA015400F 


R436 


321-0197-00 






RB,FXD,FIU:1.10K 0»I,1X.0.12SH,TC=TO 


07716 


CEA011000F 


R437 


321-0250-00 






BES,FX0,FIUI:4.99X 0»l,1X,0.12SM,TCsT0 


19701 


5033ED4K990F 


R440 


321-0143-00 


8010100 


6029999 


RES,FX0.FUM:301 0»I,1X,0.12SM,TC=T0 


07718 


CEAO3O1B0F 


R440 


321-0149-00 


8030000 




R£S,na),FUN:348 0HM,1X.0.12SN,TC=T0 


07718 


CEW348R0F 


R441 


321-0222-00 


8010100 


8029999 


RES,FXO,FIIN:2.00K 0HM,1X,0.125N,TCsT0 


19701 


SO33EO2K0OF 


R441 


321-0202-00 


8030000 




RES.FXD,FIIM:1.24K OI9l.1X,0.125N,TCsTO 


24546 


N05501241F 


R443 


317-0581-00 


8010100 


8029999 


RES,FX0,CMPSN;S60 IM,SX,0.12SM 


01121 


885615 


R443 


317-0391-00 


8030000 


8089999 


RE5,n(0.CMPSN:390 0I9I.5X,0.12SM 


01121 


883915 


R443 


315-0391-00 


8090000 




RES,FXD,FIUI:390 Olf(,5X,0.2SM 


57668 


NTR2SJ-E390E 


R445 


321-0251-00 


8010100 


8029999 


RES.FX0,F11N:4.02K 0W,1X,0.125M.TC:T0 


19701 


5033ED4K020F 


R445 


321-0231-00 


8030000 




RES,FX0,FIUI:2.49K 0HK,1X.0.125N,TC=T0 


19701 


5033ED2X49F 


R450 


321-0147-00 


8010100 


8029999 


RES.FX0,FUM:332 OHM.1X,0.12SR,TOTO 


07716 


CEA0332B0F 


R4S0 


321-0149-00 


8030000 




RES,FXD,FlUt:348 0)M,1X,0.12SM,TCsTO 


07716 


CE00348B0F 


R451 


321-0222-00 


8010100 


8029999 


RES,FXD,FUM:2.00K 0HM,1X,0.12SN,TC=T0 


19701 


S033ED2K00F 


R451 


321-0202-00 


8030000 




RES,FX0.FIUI:1.24K 0>9t,1X.0.12SH,TC:T0 


24546 


M5501241F 


R453 


321-0251-00 


8010100 


8029999 


RES,FXD,FIIN:4.02X OHM,1X,0.12SN,TCsT0 


19701 


5033ED4K020F 


R4S3 


321-0231-00 


8030000 




RE5,FX0,FllN:2.49K 0m,1X,0.12SM,TCsT0 


19701 


S033ED2K49F 


R4S7 


317-0241-00 


8010100 


8089999 


RCS,FXD,CMPSN;240 0»9I,5X,0.12SN 


01121 


882415 
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W57 


315-0241-00 


6090000 




RES,FX0.FUM:240 0HH.SX,0.2SM 


19701 


5043CX240ROJ 


(MSB 


301-0470-00 






RES,FX0,FIIM:47 0HH,5l,0.5N 


19701 


SOS3CX47ROOJ 


R459 


316-0510-80 






RES.FXD.FIlMiSI 0W.51.0.2SH 


19701 


S043CXS1R00J 


RS01 


315-0202-00 






RES,FX0.F1UI:2X 0»l,5l.0.2SH 


57668 


NTR2SJ-E 2K 


RS03 


321-0272-00 






RES,FX0,FIUI;6.6SK OW.1X,0.12S)I,TC-T0 


19701 


S043E06K650F 


R50S 


311-0639-00 


6010100 


8099999 


RES.vaR.m;1RNfi.S0 OW.O.Sk 


80294 


330SR-1-500 


RSOS 


311-1256-00 


6100000 




RFS,VQR,N0(ni:TRHR,S0 OHM.O.SM 


32997 


3329P-L56-S00 


BS09 


321-0343-00 






RES, FX0.FIUC36.sk 0W.1X,0.12SH,TCxT0 


07716 


CE0036S01F 


RS13 


321-0361-00 






RES,FX0,FILN:56.2K 0W,1X,0.12SH,TCsT0 


07716 


CEAD56201F 


RS21 


321-0614-00 






RES.FXD.FIUC10.1K 0HM.1X.0.12SH.TC=T0 


19701 


5043ED10K10F 


0523 


315-0101-00 






RES.FX0,FIUC100 0HM.5X.0.2SR 


57668 


NTR25J-E 100E 


RS27 


321-0227-00 






RES.FX0.FIUC2.26K OHN,1X.0.12SH,TC=TO 


07716 


CE0022600F 


R531 


321-0334-00 






RES,FX0.FIUI:29.4X 0HM.1X,0.12SH,TCsT0 


07716 


CEA029401F 


RS32 


321-0164-00 






RES. FXO, Flue 499 0W,1X.0.125N,TC=T0 


19701 


5O33ED499R0F 


RS33 


321-0335-00 






RES.FXD.FIUCn.lK 0HM,1X.0.12SM.TC=T0 


57666 


RB14FXE30K1 


RS34 


321-0211-00 






R£S,FXD,FIUC1.54K 0HM,1X,0.12SM,TC=T0 


07716 


CERD15400F 


RS3S 


311-0949-00 






RES,VM.N0fHCTRMR,2K OW.O.SM 


01121 


M-7789 


RS40 


311-0702-00 






RE5.VD6,N0f*6CPNL.2S0 OHM.O.SM 


01121 


M1N04BS251UZ 


RS41 


321-0222-00 


6010100 


6029999 


RES,FXO,FIUC2.00K OHM.IX.O.ITSM.TC^TO 


19701 


5033ED7KOOF 


R541 


321-0202-00 


6030000 




RES.FX0.FIUC1.24K WN.1X.0.12SM,TCsT0 


24546 


N05501241F 


eS43 


317-0561-00 


6010100 


6029999 


RES.FX0,CMPSN:S60 0MI.5X,0.12SH 


01121 


885615 


RS43 


317-0391-00 


6030000 


6069999 


RES,FXD,CMPSN:390 0ni.5X,0.12SN 


01121 


883915 


RM3 


315-0391-00 


6090000 




RES,FX0,FIUI:390 0W,SX.0.2SM 


57668 


NTR25J-E390E 


B545 


321-0251-00 


6010100 


6029999 


RES.FX0,FIUC4.02K OHM.IX.O.ITSH.TC^TO 


19701 


5033ED4K020F 


(tS45 


321-0231-00 


8030000 




RES.FXD.FIUC2.49K l»M,1X.0.12SH.TC=T0 


19701 


5033ED2K49F 


(651 


321-0222-00 


8010100 


6029999 


RES,FXO,Fim:2.00K 0HM,1X.0.125H,TC=T0 


19701 


5033ED2KO0F 


RS51 


321-0202-00 


6030000 




RES,FX0,FIUC1.24K 0HM,1X.0.125N,TC:TD 


24546 


N05501241F 


RSS3 


321-0251-00 


6010100 


6029999 


RES.FX0.FIUC4.02K 0HN,1X,0.12SN,TC«T0 


19701 


5033ED4K02QF 


KS3 


321-0231-00 


8030000 




RQ,FX0,FIUC2.49K 0»I,1X,0.12SN,TC=T0 


19701 


5033E02K49F 


(657 


317-0241-00 


6010100 


6089999 


RES.FX0,OIPSN:240 0HM.5X.0.12SH 


01121 


BB241S 


R557 


315-0241-00 


6090000 




RES,FXD,FIUI:240 0HH,5X,0.2SM 


19701 


SO43CX240ROJ 


1659 


315-0510-00 






RES.FXD.FIUC51 WN.5X,0.2SM 


19701 


SO43CX51RO0J 


1610 


321-0223-00 






R£S.FXD,FIUC2.0SK 0HM.1X,O.12SM.TC=TO 


M009 


321-0223-00 


I61« 


321-0299-00 






RES.FX0.FIUC12.7K OHM.1X.0.12SN,TC=TO 


19701 


S033E012K70F 


R6ie 


315-0154-00 






RES.FXD.FIUC150K 0HM,SX.0.2SN 
(R6160) 


57668 


NTR25J-E1S0K 


I61B 


321-0344-00 






RES,FX0,FIUC37.4K 0HH.1X,0.12SM.TC:T0 
(R61BB) 


19701 


S033ED 37K40F 


R61B 


315-0154-00 






RES,FXD,FIUI:1S0K 0HM,SX.0.2SN 
(R616C) 


57668 


HTR25J-E1S0K 


1616 


315-0753-00 






RES.FXO.FIUCTSK 0m.5X,0.2SM 
(R6160) 


57668 


NTR2SJ-E7SK0 


B61B 


315-0753-00 






RES.FXD.FIUC75K 0HM.5X.0.2SH 
(R616E) 


57668 


NTR2SJ-E75K0 


1616 


315-0154-00 






RES.FXO.FIUCISOK 0HM.SX.0.25N 
(R616F) 


57668 


NTR25J-E150K 


(61B 


315-0753-00 






RES.FXD.FIUCTSK 0HM.5X.0.2SM 
(R6166) 


57668 


NTR2SJ-E75K0 


(61B 


315-0753-00 






RES.FXD.FIUCTSK OW.SX.0.2SN 
(R616H) 


57668 


NTR25J-E75K0 


D616 


315-0123-00 






RES.FXD.F1UC12K 0HN,5X,0.2SM 
(R61BJ) 


57668 


MTR25J-E12K0 


(616 


321-0344-00 






RES.FX0.FIUC37.4K 0»(,1X,0.12SM,TC=T0 
(R616K) 


19701 


5033ED 37K40F 


(616 


315-0753-00 






RES.FX0.FIU(:7SK 0HM,5X,0.25H 
(R616L) 


57668 


NTR25J-E75K0 


R616 


315-0154-00 






RES.FX0,FtU(:190K OHN.SX,0.2SM 
(R616H) 


57668 


HTR25J-E150K 


1616 


315-0513-00 






RES.FX0.FIUC51K 0HM.5X,0.25H 
(R616N) 


57668 


NTR2SJ-E51K0 


1620 


321-02^-00 






RES.FXD.F1UC2.0SK 0HH,1X.0.12SH.TC:T0 


80009 


321-0223-00 


1622 


315-0222-00 






RES.FXD.FIUC2.2K 0HM.5X.0.2SM 


57668 


NTR2SJ-E02K2 
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R630 


315-0104-00 






RES.FX0.Fim:100K 0W,5X,0.2SN 


57668 


MTA2SJ-E100K 


M32 


317-0223-00 


8030000 


8089999 


RES.FX0.CMRSN:22X 0W,5X,0.12SM 


01121 


882235 


R632 


315-0223-00 


8090000 




RES.FX0,FUM:22K 0lii,5l.0.2SN 


19701 


S043CX22K00J92U 


R634 


317-0203-00 


8010100 


9089999 


RES.FX0.CWSM:20X 0W.SX,a.125N 


01121 


882035 


R634 


315-0203-00 


8090000 




RE5,FX0,FUJ(:20K 0HM,5Z.0.2SM 


57668 


NTR25J-E 20K 


RT221 


307-0181-00 






RES,TMERNAL:100K OW.IOl.NTC 


14193 


K10-10002K 


RT223 


307-0101-00 






RES.THESMLtlOOK 0W,1DX,NTC 


14193 


K10-10002K 


S101 


— — 






(MAT OF 03) 






sin 


105-0413-00 






OCTR QSST.CQN S:0TTEN 


80009 


105-0413-00 


S201 


- — - — 






(PORT OF 04) 






S3S3 


— — - 






(PORT OF 01) 






S407 








(PORT OF 02) 






$426 


105-0109-00 






OGTUOTOR.CON SN:H.F.-308 SEL 


80009 


105-0109-00 


VR270 


152-0212-00 






SaiCOND 0VC.DI:ZEN.SI.9V.SX.Q.SN,00-7 


04713 


SZ50646RL 


VR271 


162-0405-00 






SENtCON) OVC,OI:ZEN.SI,15V,5Z,1N,TO-41 


12954 


028412050 


VR30S 


152-0306-00 


8010100 


8029999 


SOnCOND DVC,0t:ZD(,SI.9.1V.SX,0.4H.0O-7 


12954 


1N9808 


VR305 


152-0168-00 


8030000 




SDUCOND DVC,OI:ZEN.SI.12V,5Z.0.4M,00-7638 


14552 


T0331689 


VR310 


152-0405-00 






SOnCOND OVC,OI:ZEN,SI,1SV,51.1N,TO-41 


12954 


DZ8412050 


VR320 


152-0280-00 






SBIICOND DVC,DI:Z0I.S1.6.2V,5X,O.4N.DO-7 


04713 


1N7S30 


VR325 


152-0212-00 






SBIICONO OVC,D(:ZOI.SI,9V.SX, 0.91,00-7 


04713 


SZ50646RL 


VR330 


152-0280-00 






SEMICOND OVC,OI:ZOI,S1,6.2V.5Z,0.4N,(IO-7 


04713 


1N7S30 
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REPLACEABLE 
MECHANICAL PARTS 



PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local 
Tektronix, Inc field Office or represer>iative 

Changes to Tektronix instruments are sometimes made (o 
accommodate improved components as they become available, 
and to give you the benefit of the latest circuit improvements 
developed in our engineering department It is therefore 
important, when ordering parts, to irtclude the following 
Information in your order Part number, instrument type or 
number, serial number, and moditicallon number if applicable 

If a part you have ordered has been replaced with a new or 
improved part, you' local Tektronix. Inc Field Office or 
representative will contact you concerning any change in part 
number. 

Change information, if any. Is located at the rear of this 
manual 

SPECIAL NOTES AND SYMBOLS 

XOOO Part first added at this serial number 

OOX Part removed after this serial number 

FIGURE AND INDEX NUMBERS 

Items in this section are referenced by figure and index 
numbers to the illustrations. 



INDENTATION SYSTEM 

This mechanical parts list is indented to indicate item 
relationships Following is an example of the indentation system 
used in the description column 

12 3 4 5 Name A D«scriptior> 

AsttmOly and/or Component 

Atuchtng parti tor Auambiy and'or Component 

Dela'I Pan of AssemOly and/or Componenf 
Attaching parti tor Oereif Pari 

Pans of Oereif Pan 

Attaching parts for Pans of Oefeif Part 



Attaching Paris always appear in the same indentation as 
the Item It mounts, while the detail parts are indented to the right 
Indented items are part of. and included with, the next higher 
indentation The separation symbol — * • • ■ indicates the end of 
auachirtg parts. 

Attaching parts must be purchased separately, unless otherwise 
specified. 

ITEM NAME 

In the Parts List, an Item Name is separated from the 
description by a colon (:). Because of space limitations, an Item 
Name may sometimes appear as incomplete. For further item 
Name identilication. the U S. Federal Cataloging Handbook H6-1 
can be utilized where possible 



ABBREVIATIONS 





INCH 


ElCTRN 


ELECTRON 


IN 


INCH 


SE 


SINGLE END 


• 


NUMBER SIZE 


ELEC 


ELECTRICAL 


P4CAND 


INCANDESCENT 


SECT 


SECTION 


ACTR 


ACTUATOR 


ELCTlT 


ELECTROLYTIC 


INSUL 


INSULATOR 


SEMICONC 


SEMICONDUCTOR 


AD^rn 


ADAPTER 


ELEM 


ELEMENT 


mtl 


INTERNAL 


SHLO 


SHIELD 


auQN 


AL.IGNMENT 


EPL 


ELECTRICAL PARTS LIST 


LPHLOR 


lampholder 


SHLOR 


SHOULDERED 


«l 


ACUMtNUM 


EOPT 


eOUiRMENT 


MACH 


MACHINE 


SKT 


SOCKET 


ASSEW 


ASSEMBLED 


EXT 


EXTERNAL 


MECH 


MECHANICAL 


SL 


SLIDE 


ASSV 


ASSEMBLY 


Fit 


FILLISTER HEAD 


MTG 


MOUNTING 


SLFLKC 


SELF-LOCKING 


ATTEN 


ATTENUATOR 


FLEX 


FLEXIBLE 


NIP 


NIPPLE 


SIVG 


SLEEVING 


AWQ 


AMERICAN WIRE GAGE 


flh 


PLAT HEAD 


NON WIRE 


NOT WIRE WOUND 


SPR 


SPRING 


60 


BOARD 


HTR 


FILTER 


OBD 


ORDER 6V DESCRIPTION 


SO 


SQUARE 


eaxT 


BRACKET 


PR 


FRAME 9 * FRONT 


00 


OUTSIDE DIAMETER 


SST 


STAINLESS STEEL 


BRS 


BRASS 


P$TNR 


FASTENER 


OVM 


OVAL MEAD 


STL 


STEEL 


BRZ 


BRONZE 


FT 


FOOT 


PH 0R2 


PHOSPHOR BRONZE 


SW 


SWITCH 


BSHO 


BUSHING 


FXO 


FIXED 


PL 


Plain or plate 


T 


TUBE 


CAB 


CABINET 


GSKT 


GASKET 


PlSTC 


PLASTIC 


TERM 


TERMINAL 


CAP 


CAPACITOR 


HDL 


HANDLE 


PN 


PART NUMBER 


TMO 


THREAD 


CER 


CERAMIC 


HEX 


HEXAGON 


PNH 


PAN HEAD 


THK 


THICK 


CHAS 


CHASSIS 


HEX HD 


HEXAGONAL HEAD 


PVVR 


POWER 


TNSN 


TENSION 


CKT 


CIRCUIT 


HEXSOC 


HEXAGONAL SOCKET 


RCPT 


RECEPTACLE 


TPC 


TAPPING 


COMP 


COMPOSITION 


HLCPS 


HELICAL COMPRESSION 


RES 


RESISTOR 


TRh 


TRUSS HEAD 


CONN 


CONNECTOR 


MIEXT 


HELICAL EXTENSION 


RGD 


RIGID 


V 


VOLTAGE 


cov 


COVER 


HV 


HIGH VOLTAGE 


RLF 


RELIEF 


VAR 


VARIABLE 


CPIG 


COOPlINC 


4C 


INTEORATEO CIRCUIT 


RTNR 


RETAINER 


W 


WITH 


CRT 


CATHODE RAV TUBE 


ID 


INSIDE DIAMETER 


SCH 


SOCKE' HEAD 


W$HR 


WASHER 


D€G 


DEGREE 


IDENT 


IDCNTIF ICATIQN 


SCOPE 


OSCILLOSCOPE 


XFMR 


TRANSFORMER 


OWR 


DRAWER 


IMPlR 


•MPELlER 


SCR 


SCREW 


XSTR 


TRANSISTOR 
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Replaceable Mechanical Parts - 7A22 



Mfr. 

Code 


CROSS INDEX - 

Manufacturer 


MFR. CODE NUMBER TO 
Addreaa 


MANUFACTURER 
CItv. State. Zip Cede 


00779 


OMP IMC 


P 0 MX 3508 


HARRISBURG PA 17105 


06915 


RICKO PLASTIC CO 


5825 H TRIPP AVE 


CHICAGO IL 60645 


06950 


VSI C08P 

SCfiEMCOBP DIVISION 


13001 E TEMPLE AVE 


cm OF INDUSTRY CD 91746 


12327 


FOCENDT CORP 


9301 ALLEN DR 


CLEVELAW OH 44125 


22526 


(XI PONT e t DE NENOUftS AND CO INC 
DU PONT CntlECIOS SYSTEM 


30 HUNTER LANE 


CAMP Hia PA 17011 


22599 


ONERKE CORP ESND DIV 


15201 BURBANK BLVD SUITE C 


VON NUYS CO 91411 


24546 


CORNING GLASS NORKS 


550 HIGH ST 


BRAOfORO PA 16701 


24931 


SPECIALTY CONNECTOR CO INC 


2620 ENDRESS PLACE 
P 0 80X 0 


GREQMOOO IN 46142 


27239 


BRISTOL INDUSTRIES 


630 E lAWERT RO 
P 0 BOX 530 


BREA CO 92821 


28520 


KETCO MOIDED PRODUCTS 


147 MICHIGAN AVE 
P 0 BOX 160 


KENILNORTH NJ 07033 


56878 


SPS TEOMLOOIES INC 


HIGHLAND AVE 


JENKINTOm PA 19046 


71785 


TRN INC 

TRN CINCH CONtECTORS 


1501 NORSE AVE 


ELK GROVE VILLAGE IL 60007 


73743 


FISCHER SPECIAL HFG CO 


446 MORGAN ST 


CINCUMATI OH 45206 


74445 


HOLO-KRONE CO 


31 BROOK ST 


NEST HARTFORD CT 06110 


76854 


OAK SNITCH SYSTEMS INC 
sue OF OAK TQ;IMU)GT INC 


100 S MAIN ST 


CRYSTAL LAKE IL 60014 


77900 


SHAKEPROOF 

OlV OF ILLINOIS TOOL NORKS 


SAINT CHARLES RD 


ELGIN IL 60120 


78189 


ILLINOIS TOOL NORKS INC 
SHAKEPROOF DIVISION 


ST CHARLES ROAO 


ELGIN IL 60120 


79136 


HALOES KOHINOOfi INC 


47-16 AUSTa PLACE 


LONG ISLAND Cm NT 11101 


80009 


TEKTRONIX INC 


4900 S N GRIFFITH OR 
P 0 BOX S» 


BEAVERTON OR 97077 


83385 


HICROOOT HONUFDCTURINC INC 
GRCER-CEMTfiAL DIV 


3221 N 816 BEAVER RO 


TROY HI 48098 


83485 


ELCO INDUSTRIES INC 


1101 SAMUELSON RO 


ROCKFORD IL 61101 


86928 


SEASTROH HFG CO INC 


701 SONORA AVE 


GLENDALE CA 91201 


87308 


N L INDUSTRIES INC 
N L FASTENERS 


BARKLEY RD 
P 0 BOX 1360 


STATESVILLE NC 2B677 


9390? 


TEXTRON INC 
CAMCAR DIV 


600 1BTH AVE 


ROCKFORD IL 61101 


95987 


NECKESSER CO INC 


4444 NEST IRVING PARK RO 


CHICAGO IL 60641 


99934 


RENBRMH INC. 


6 PMMELEE STREa 


BOSTON. HA 02118 


TK0433 


PORTLAND SCREM CO 


5520 N BASIN 


PORTLAND OR 97217 


TX0435 


LENIS SCREM CO 


4114 S PEDRIA 


CHICAGO IL 60609 
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Replaceable Mechanical Parts - 7A22 



Pig. A 



Index 

No. 


Tektronix 
Part No. 


Serial/Aasembly No. 
Effective Dscont 


Qtv 


12345 Name A Descriotton 


Mfr. 

Coda 


Mir. Part No. 


1-1 


366-1059-00 






1 


PUSH 8UTTON:6lttY.0.227 00 X 0.3 


80009 


366-1059-00 


-2 


386-1077-00 






1 


KN0e:GMY H/SETSCAOl 


60009 


366-1077-00 




213-0153-00 






1 


.SETSC0OI:5-4O X 0.125 ,STL 


27238 


ORDER BY OESCR 


-3 









1 


RC5IST0B,Vt»:(SEE M30 REPL) 
















COtlACMING PORTS) 






-4 


210-0046-00 






1 


N0SHCS,IjDCK:0.261 IO.IKTL.0.018 THK.STL 


77900 


1214-05-00-0541C 


-5 


210-0940-00 






1 


MSHO)JL0T:0.2S 10 X 0.375 00 X 0.02.STL 


12327 


ORDER BY OESCR 


-S 


210-0583-00 






1 


NUT.PUUN.HCX:0.25-32 X 0.312.BRS CO PL 


73743 


2X-20319-402 












(OB OTIOCHHB PORTS) 






-7 


366-0392-02 






1 


KN0e:GY.0.12S 10 X 0.375 H X 0.812 H 


80009 


366-0392-02 


-a 








1 


RESlST0R.V0R:(SEE R2S8 REPL) 
















(OTTACMINO PORTS) 






-9 


213-0020-00 






1 


SETSCRE)(:8-32 X 0.125.STL 


TK0433 ORDER BY OESCR 












(QC OTTOCHING PORTS) 






-10 


366-1166-00 






1 


KN08:RED,0.127 10 X 0.392 00 X 0.4 H 


80009 


386-1166-00 




213-0153-00 






1 


.SETSCROI:S-40 X 0.125, STL 


27238 


ORDER BY OESCR 


-11 


366-1067-00 






1 


K)Be:GY.0.2S2 TO X 0.796 00 X 0.79 H 


80009 


366-1057-00 




213-0153-00 






1 


.S£TSCROI:S-40 X 0.12S.STL 


27238 


ORDER BY OESCR 


-12 


366-0379-00 






1 


KN08:GR0Y,0.127 tO X 0.5 00 X 0.93 H 


80009 


366-0379-00 




213-0153-00 






1 


.SETSCRE)1:S-40 X 0.125, STL 


27238 


ORDER BY OESCR 


-13 


366-0379-00 






1 


KM8:GReY,0.127 10 X 0.5 00 X 0.93 H 


80009 


366-0379-00 




213-0153-00 






1 


.SETSCRE)1:5-40 X 0.12S.STL 


27238 


ORDER BY OESCR 


-14 


366-1084-00 






1 


KN)e:GT,0.08 10 X 0.392 00 X 0.4 H 


80009 


366-1084-00 




213-0725-00 






1 


.SETSCROI:3-48 X 0.094,STL 


56878 


ORDER BY OESCR 


-15 


386-1101-00 






1 


KN08:6Y ,0.127 10 X 0.706 00 X 0.6 H 


80009 


366-1101-00 




213-0153-00 






1 


.SETSCREM:5-40 X 0.12S.STL 


27238 


ORDER BY OESCR 


-16 








1 


RESlST0R,V0R:(SK R270 REPL) 
















(OTTaCHlW PORTS) 






-17 


210-0583-00 






1 


NUT,PUUN,HEX:0.25-32 X 0.312.BRS CO PL 


73743 


2X-20319-402 


-18 


210-0046-00 






1 


MSHER,L0CK:0.261 I0,IKTL,0.018 TW.STL 


77900 


1214-OS-00-0541C 












(E)B OTTOCHING PORTS) 






-19 


426-0474-00 






1 


HOUNT.RESILIENTiNOTUROL OCETOL 


80003 


426-0474-00 












(OTTOCHING PORTS) 






-20 


211-0111-00 






2 


SCR0l,MOCHINE:2-56 X 1.0,PNH,STL 


06950 


ORDER BY OESCR 


-21 


210-0001-00 






2 


N0SHER,li)CX:l2 INTL,0.013 THK,STL 


77900 


1202-00-00-0541C 












(OS onoCHING PORTS) 






-22 


361-0280-00 






2 


SPOCER,SLEEVE:0.75 ID X 0.092 10,8RS 


76854 


3-5152-340 


-23 








1 


RESISTOR,VOR:(SEE R265 REPL) 
















(OTTOCHING PORTS) 






-24 


210-0683-00 






2 


NUT,PLAIN,HEX:0.25-32 X 0.312,BRS CO PL 


73743 


2X-20319-402 


-25 


210-0046-00 






1 


HeSHER,L0CK:0.261 I0,INTL,0.018 THK.STL 


77900 


1214-05-00-0541C 


-26 


210-0940-00 






1 


NOSHER,FLAT:0.2S 10 X 0.375 00 X 0.02.STL 


12327 


ORDER BY OESCR 












(END OTTOCHING PORTS) 






-27 


386-1095-00 






1 


PLATE.CNPNT HTG:V0R RESISTOR.STL CO PL 


80009 


386-1095-00 


-28 


333-1106-00 






1 


PONEL.FRONT: 


80009 


333-1106-00 


-29 


386-1447-07 






1 


SUePONEL. FRONT: 


80009 


386-1447-07 


-30 


348-0031-00 






2 


GROHM£T,PIASTIC:0.127 ID,GR0Y OCETOL 


80009 


348-0031-00 


-31 


358-0216-00 






1 


GROHMCT,PIOSTIC:COOY,ROUNO ,0.257 10 


80009 


358-0216-00 


-32 


358-0378-00 


8010100 


8117899 


1 


BUSH1NC,SLEEVE:0.131 10 X 0.18 00 X 0.125 L 


80009 


358-0378-00 




358-0599-00 


8117900 




1 


BUSHING, SL£EVE:0. 125 ID X 0.25 00 X 0.234 


28520 


B-187-12S 




129-0053-00 






1 


POST .BOG, ELEC: 5 NOT.IWINSULATEO 


80009 


129-0053-00 


-33 


200-0103-00 






1 


.NUT,PUUN,KNURL:0.2S-28 X 0.375*00 GROSS 


80009 


200-0103-00 


■34 


355-0507-00 






1 


.STU0,SH0U(8ERCD:BIIStNG POST.6RS NP 


80009 


355-0507-00 












(OTTOCHING PORTS) 






-35 


210-0046-00 






1 


KOSHER, L0CK:0. 261 I0,INTL,0.018 THK.STL 


77900 


1214-05-00 -0541C 


•36 


210-0583-00 






1 


HUT, PLOIN,HO:Q. 25-32 X 0.312.6RS CO PL 


73743 


2X-20319-402 












(08 OTTOCHING PORTS) 






-37 


131-0679-02 






2 


ON1,RCPT,ELCC:BNC,NOLE,3 CQNTOCT 


24931 


ajR27D-1 












(0TT0CHIN6 PORTS] 








210-1039-m 






2 


KOSHER. IOCK:0. 521 10. INT ,0.025 THK.SST 


24931 


ORDER BY OESCR 




220-0497-00 






2 


HUT, PIOIN.HEX:0. 5-28 X 0.562 HEX.BRS CO PL 


80009 


220-0497-00 












(08 OTTOCHING PORTS) 






-38 


366-1058-07 






1 


»Be:6RflY,7022 


80009 


366-1058-07 












(OTTOCHING PORTS) 






-39 


214-1095-00 






1 


P(N,SPRIN6:0.1B7 L X 0.094 OO.STL.CO PL 


22599 


52-022-094-0187 












(END OTTOCHING PORTS) 






-40 


105-0076-02 


B0101M 


B12Z379 


1 


RELEOSE BOR.LCH:PLUG-IN UNIT 


8W09 


105-0076-02 
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Replaceable Mechanical Parts - 7A22 



Fig. & 

Index 

No 


Tektronix 
Part No 


Senal/Assembly No. 
Effective Oscont 


Otv 


1234S Name 6 Deacriotion 


Mfr. 

Code 


Mfr. Part No. 


1- 


105-0076-04 


8122380 




1 


RElEftSi 8l».IXH;PUJC-tN UNIT 


80009 


105-0076-04 


-41 


214-1280-00 






1 


SP()IN6,HLCP5:0.14 00 X 1.126 L.TNIST LOOP 


80009 


214-1280-00 


•42 


348-0157-00 


8010100 


8010180 


2 


SHID 6Sia,ELfl(:C-5HaPU),4.86 L 


80009 


348-0157-00 




348-0235-M 


8010181 




2 


SHIO 65ia.£LO;:FlNGeR TTPE.4.734 L 


92101 


ORDER 8Y OESCR 


•43 








1 


CKT eOM» 0SST:-AC GNO DC(SEE 03 REPL) 






•44 


131-0589-00 






2 


.TERM,PIN:0.46 L X 0.025 SO PH BRZ GUI 


22526 


48283-029 




131-0722-00 


8110250 




1 


.CONTOCT,ELEC;COH SN.CU BE 


80009 


131-0722-00 












.(OTTOCHINC PMIS) 






-46 


211-0156-00 






2 


SCR»,M0CHINE:1-72 X 0.250. FUI,B2 DEG.STL 


93907 


ORDER BY OESCR 












(00 OTTACNING PORTS) 






-46 


— 






1 


CKT eOORO DSSY:*0C GNO 0C(SEE 04 REPL] 






-47 


131-0589-00 






2 


.TOM,PIN:0.46 L X 0.025 SO PH BRZ GU) 


22526 


48283-029 




131-0722-00 


8118250 




1 


.COKTOCT,ELEC:COM SN.CU BE 


80009 


131-0722-00 












(RTTOCHING PORTS) 






-40 


211-0156-00 






2 


SCREN.M0CHINE:1-72 X 0.2S0.FLN.B2 DEG.STL 


93907 


ORDER 8Y OESCR 












(OO OTTOCHIHB PORTS) 






-49 


352-0068-00 






2 


HOlOER.PROBEtDEUlIN 


00009 


352-0068-00 


-50 


131-0664-00 






2 


CONTOCT.ELK:GfiOUNOING,CU BE OLBOLOT PL 


00009 


131-0664-00 












(RTTOCHING PORTS) 






-51 


211-0008-00 






1 


SCREM.HOCHINE:4-40 X 0.25.FMH.STL 


93907 


ORDER BY OESCR 


-52 


210-0586-00 






1 


NUT.PL.OSSEH N0:4-40 X 0.25.STL CO PL 


78189 


211-041800-00 












(60 0TTQCHIH6 PORTS) 






-53 


131-0664-00 






1 


CONTOCT.EUECiGROUMING.CU BE OIBOLOY PL 


80009 


131-0664-00 












(filTOCHING PORTS) 






•54 


211-0008-00 






1 


SCROI.H0CNINE:4-40 X 0.2S.PNH.STL 


93907 


ORDER 8T OESCR 


-55 


210-0586-00 






1 


NUT.PL.OSSEM N0:4-40 X 0.25.STL CD PL 


78189 


211-041800-00 












(80 RTTOCHING PORTS) 






-56 


378-0600-00 






1 


LOIS.U6HT:0ieER.0.152 010 


80009 


378-0600-00 


-57 


352-0067-00 






1 


IANPH0L0ER:(1)NIRE LEOO NEON 


80009 


352-0067-00 












(RTTOCHING PORTS) 






-58 


211-0018-00 






1 


SCflE3f.H0CKINE:4-40 X 0.87S.PW.STL 


TK0435 


ORDER 8Y OESCR 


-59 


210-0406-00 






1 


NUT,PL0IN,HEX:4-40 X 0.188 .8R5 CO PL 


73743 


12161-50 












(60 RTTOCHING PORTS) 






-60 


214-1054-00 






1 


SPRING. FLAT:0.82S X 0.322.SST 


8(»09 


214-1054-00 


-61 


105-0075-00 






1 


BOLT. LATCH: 


80009 


105-0075-00 


-62 


344-0162-00 


8010100 


8050549 


3 


CLIP.SPR TNSN:CIfiCUIT BOORO.BOT.DEIRIN 


80009 


344-0162-00 




344-0211-00 


8050550 




3 


CLIP.SPR TNSN:CKT BO.BOT. 1.473 L.OEIRIN MED 


80009 


344-0211-M 












GRAY 






'63 


344-0161-00 


8010100 


8050549 


2 


CLIP.SPR TMSN:CIRCUIT BOORO.DEIRIH 


00009 


344-0161-00 




344-0210-00 


8050650 




2 


CLIP.SPR TNSN:CKT 80. TOP. 1.675 L.OEIRIN MED 


80009 


344-0210-00 












GROT 






-64 


210-0201-00 






2 


TEmiN0L.UIC:0.12 lO.LKKING.BRZ TIN PL 


86928 


0373-157-2 












(OnOCHINB PARTS) 






-65 


211-0101-00 






1 


SCREM.H0CHINE:4-40 X O.ZS.FIN.IOQ OC.STL 


TK0435 


ORDER BY OESCR 


-66 


210-0586-00 






1 


NUT.PL.OSSEM N0:4-40 X 0.25.STL CO PL 


76189 


211-041800-00 












(00 OTTOCHING PORTS) 








334-3438-00 


8121000 




1 


MORKER.IOENT:MORKED TURN OFF PONER 


80009 


334-3438-00 


-67 


214-1061-00 






1 


CaNT0CT,ELEC:6R0UN0ING.CU BE 


80009 


214-1061-00 


68 


337-1243-00 






1 


atlElO.ElEC: 


80009 


337-1243-00 


-69 


426-0499-03 






1 


FR SECT,PLUG-IN:BOTTON 


80009 


426-0499-03 












(OTTOCHINC PORTS) 






-70 


211-0101-00 






2 


SCROI.H0CHINE:4'40 X 0.2S.FUT.100 DG.STL 


TK0435 


ORDER 8Y OESCR 


-71 


210-0586 00 






2 


NUT.PL.OSSEM Hfl:4-40 X 0.2S.STL CO PL 


76189 


211-041800-00 


-72 


213-0192-00 


8010100 


8120725 


2 


SC8£M,TP6.TF;6-32 X 0.5.SPCL TYPE.FILH.STL 


87308 


ORDER 8T OESCR 




213-0793-00 


8120726 




2 


SCREM.TPG.TF:6-32 X 0.4375, TOPTITE.fUH 


83486 


239-006-408043 












(60 OTTOCHINC PORTS] 






-73 


426-0505-03 






1 


FR SECT,PUI6-IN:T0P 


80009 


428-0505-03 












(OTTACNING PARTS) 






-74 


211-0101-00 






2 


SC8EN.M0CHINE:4-40 X 0.2S.FIH.100 DG.STL 


TK043S 


ORDER BY OESCR 


-75 


210-0586-00 






2 


NUT.PL.OSSEM NA:4-40 X 0.2S.STL CO PL 


78189 


211-041800-00 


-76 


213-0192-00 


8010100 


8120725 


2 


SCREN.TPG,TF:6-32 X 0.5.SPCL TYPE.FILH.STL 


87300 


ORDER BY OESCR 




213-0793-00 


8120726 




2 


SCflEH,TPG.TF:6-32 X 8.4375.TDPTITE.FILN 


83486 


239-006-406043 












(EM) OTTOCHING PORTS) 






-77 


386-1402-00 






1 


PONa.REAR: 


80009 


386-1402-00 












(OTTOCHING PORTS) 






-78 


213-0192-00 


8010100 


8120725 


4 


SCREM.TPG.TF:6-32 X 0.5.SPCL nPE.FIlH.STL 


87308 


ORDER BY OESCR 




213-0793-00 


8120726 




4 


SCfiEN,TPG.TF:6-32 X 0.4375.TOPTITE.FIUI 


83486 


239-006-406043 
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Replaceabis Mechanical Parts ~ 7A?^ 



Fig. « 

Index 

No 


Tektronix 
Part No. 


Serial /Assembly No. 
Effective Dacont 


Qtv 




Mir. 

Code 


Mtr Part No . 


1-79 


981-O920H}O 




1 


SPACQ),SLEEV£:0.1 L X 0.18 lO.OL 
(00 ATTOCHIIO PMT5) 


00809 


361-0326-00 


-n 


397-1145-00 


0010100 0069999 


1 


SHICU>,CI^C:LEfT SIDE 


80009 


337-1145-00 




337-1145-01 


0070000 


1 


SHIEli),CLEC;L£rr SIOE 


80009 


337-1145-01 


-01 


337-1148-00 


0010100 0069999 


1 


SHtEU>.Cl£C:8I6KT SIDE 


80009 


337-1146-00 




337-1146-01 


0070000 


1 


SHIEU).E11C:SIGHT SIDE 


80009 


337-1146-01 


-02 


340-0115-00 




1 


6«0MtET,PUtSTIC:0UM:K.D-SH0PE,0.360 ID 


80009 


348-0115-00 


-09 


337-1045-00 




1 


SHIELD. ELEC:INPUT 


«H)09 


337-1045-00 
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Replaceable Mechanical Parts ~ 7A?^ 



Fig. & 



Index 


TeMronix Serial/Assembly No. 






Mfr. 




No. 


Part No Ftfeclive 


Dacont 


Qtv 


12346 Name 6 OescriDtion 


C^ode 


Mfr Pari No. 


2-1 


384-0255-00 




1 


EXTENSION SH0FT:5.594 L X 0.125 STEF 00 


80003 


384-0255-00 


-2 


384-0308-00 




1 


EXTENSION SHarr:9.5 L X 0.125 STEP 00, STL 


80009 


384-0306-00 


-3 


384-0444-00 




1 


EXTENSION SMFT:10.738 L X 0.12S 00,01 


80009 


384-0444-00 


-4 


351-0159-00 




1 


GUIDE,SH0n:U/N 0.125 00 SHOn.DEUitN 
(OTTKHING PMTS) 


80009 


351-0159-00 


-5 


213-0088-00 




1 


SCREN,TP6,TF:4-24 X 0.25.TYPE 8,PNH,STL 
(EM OTTOCHING PMTS) 


83385 


ORDER BY OESCR 


-6 


131-0792-02 




2 


C0M1ECT0fi,TERN:16-2O 0N6,CU BE 6010 


80009 


131-0792-02 




198-1999-00 




1 


NIRE SET, ELEC: 


80009 


198-1999-00 


-7 


131-0622-00 




2 


.CONTOCT,ELEC:28-32 QN>,BftS 6 CU BE GUO PL 


22526 


46241-000 


-0 


352-0198-00 




2 


.HlOR,TESN C0M:2 N1 RE,BUU:k 


80009 


352-0198-00 


-9 


131-0740-01 




2 


. CONNECTOR, TERH:18-20 aN6,CU 8E GOLD PL 


00779 


61942-1 


-10 


131-0755-01 




2 


.CONTKT.EUC: 28-32 QNC.BE CU 6010 PL, MO 


00779 


61943-1 


-11 


352-0169-00 




2 


HIOR.TERN C0MI:2 NIfiE,BLQCK 


80009 


352-0169-00 


-12 


179-1407-00 




1 


HIRING HORNESS:HAIN 


80009 


179-1407-00 


-13 


131-0707-00 




4 


.CONTOCT,El£C:22-26 0NG,BRS,CU 8E GIO PL 


22526 


47499-000 


-14 


131-0512-00 




27 


. CONTACT, ELEC:CIMIECTOR,ai 8E GOLD PL 


00779 


61507-1 


-15 


352-0136-00 




1 


FUSEH0U)ER:(2)3QG SPORES 
(OTTOCHING PMTS) 


80009 


352-0136-00 


-16 


211-0008-00 




2 


SCflEM,HaCHINE:4-40 X 0.25,PNH,STL 


93907 


ORDER 8Y DESCR 


-17 


210-0586-00 




2 


NUT,PL,OSSEN N0;4-40 X 0.25, STL CD PL 
(EM OTTOCHING PORTS) 


78189 


211-041800-00 


-18 


200-0902-00 




1 


COVER.CKT B00R0:B0X PLASTIC 
(OTTOCHING PMTS) 


80009 


200-0902-00 


-19 


211-0008-00 




1 


SCREN,H0CHINE:4-40 X 0.25,PNH,STL 
(EM OTTOCHING PMTS) 


93907 


ORDER BY OESCR 


-20 


200-0687-01 




2 


COVER,XSTR:TO-5.0CETOL 


00009 


200-0687-01 


-21 


— " — 




1 


RESISTOR, VM:(SEE R540 REPL) 
(OTTOCHING PMTS) 






-22 


407-0564-00 




1 


BROCKET ,CHPNT:BROSS DIBOLOT PL 


80009 


407-0554-00 


-23 


210-0046-00 




1 


NO5HER,U0CK:0.261 ID,IKTL,0.01B THX,STL 


77900 


1214-05-00-0541C 


-24 


210-0583-00 




1 


NUT,PlAIN,HEX:0.25-32 X D.312,BRS CD PL 
(EM OTTOCHING PMTS) 


73743 


2X-20319-402 


-25 


376-0029-00 




1 


CPLG,SH0FT,RGD:0.12B ID X 0.312 00, QL 


80009 


376-0029-00 




213-0075-00 




2 


..SETSCRO(:4-40 X 0.094 ,STL 


74445 


ORDER 8Y DESCR 


-26 






1 


CKT BOARD OSSY;eQMNIOTH(SEE 01 REPL) 
(OTTOCHING PMTS) 






-27 


211-0156-00 




4 


SCREN,EXT RLV:4-40 X 0.3^,PNH,SST,P0Z 


80009 


211-0155-00 


-28 


210-1140-00 




4 


MSHER,SHL0R:0.115 ID X 0.375 00 
(EM OTTOCHING PMTS) 

CKT BOARD OSSY IHCLUDB: 


60009 


210-1140-00 


-29 


351-0155-00 




5 


.INSULDTW.STDF:C0M1ECT0R,D£LRIN 


B0009 


351-0155-00 


-30 


131-0608-00 




5 


.TERMIN0L,PIN:0.3D6 L X 0.025 8RZ GLD PL 


22526 


48283-036 


-31 


136-0263-01 8010100 


9010180 


18 


.SOCKET ,PIH TERN:U/N 0.025 SO PIN 


00779 


85861-2 




136-0263-03 8010181 


8094559 


18 


.SOCKET .PIN TESM:U/N 0.025 SO PINS 


00779 


^864-2 




130-0263-04 8094560 




18 


.S0CK£T,PIN TERH:U/N 0.02S SO PIN 


22526 


75377-001 


-32 


136-0183-00 8010100 


8121634 


3 


.SKT.PL-IN aO(:TRflNS,3 C0NTDCT.PC8 NT 


80009 


136-0103-00 


-33 


136-0220-00 8010100 


8121634 


3 


.SKT,PL-IN ELEK:TRONSIST0R 3 CONTQCT 


71785 


133-23-11-034 




136-0252-07 8121635 




18 


.SOCKET, PIN COtM:N/Q DIMPLE 


22526 


75060-012 


-34 


131-0604-00 




24 


.CONTOCT,ELEC:CKT 80 SN,SPR,CU BE 


80009 


131-0604-00 


-35 


131-0840-00 8010101 




2 


.C0NTDCT,ELEC:GR0UN01NC,N1 BE 


80009 


131-0840-00 




105-0415-00 




1 


.KTR OSSY,COM S:BANOMIOTH 
.(OTTOCHING PMTS) 


80009 


105-0415-00 


-36 


211-0116-00 8010100 


8120999 


4 


.SCR.OSSEN HSHR:4-40 X 0.312,PNH,BRS,NP 


77900 


ORDER BY OESCR 




211-0292-00 8121000 




4 


.SCR.QSSEN NSHR:4-40 X 0.29.PNH,8RS Nt PL 
. (EM OTTOCHING PMTS) 


78189 


51-040445-01 


-37 


200-0936-00 




1 


..COVEP.CON SH:16 ELEMENTS 
..(OTTOCHING PMTS] 


80009 


200-0996-00 


-38 


211-0022-00 




2 


..SCREN,M0CHINE:2-56 X 0.188,PNH,STL 


TK0435 ORDER BY DESCR 


-39 


210-0001-00 




2 


..NDSHER,U)CK:82 INTL.0.013 THK.STL 
..(EM 0ITDCHIN6 PMTS) 


77900 


1202-00-00-0541C 


-40 


407-0714-00 




1 


. .BRACKET ,CON SN:CROUMING,BRS 0L80LDY PL 


80009 


407-0714-00 


-41 


214-1128-02 




2 


..SPRING, FLAT :0.7 X 0.125.CU BE RED CLJ) 


80009 


214-1126-02 


-42 


214-1127-00 




1 


..R0LLCR,0ETENT:0.12S 010 X 0.12S,SST 


80009 


214-1127-00 


-43 


401-0058-00 




1 


..BEMING.CON SM:FRONT ,0.454 DIO CON 


80009 


401-0058-00 










. . (0TTDQ1INC PMTS) 






-44 


354-0219-00 




1 


.. RING. RETOINING:EXT .CRESCENT ,U/0 0.25 010 


79136 


5103-25-S-Z0-R 
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Replaceable Mechanical Parts - 7A22 



Fig. & 

Index TeMronlx Serial/Assembly No. Mfr. 



No. 


Part No 












ITT71KniWTr!H 


2- 










..(END OTTOCHim PORTS) 






-*5 


105-0112-00 






1 


..OCTUOTOR.COM SH:UM FRED 


80009 


105-0112-00 




213-0075-00 






2 


..SETSCREM:4-40 X 0.094, STL 


74445 


OROER BY 0E5CR 


•46 


210-0405-00 






1 


..NUT,PUUN,HEX:2-56 X 0.188,6RS CO PL 


73743 


12157-50 


-4? 


210-0406-00 






2 


..Mn,PlAIN,HEX;4-«) X 0.188.e»S CO PL 


73743 


12181-50 


-46 


401-0061-00 






1 


..BEOfilNG.CAM SN:RC0R OR CENTER.0.4S4 OIB 


80009 


401-0061-00 




105-0466-00 






1 


.OCTR OSSY.CM S:HF-308 


00009 


105-0466-00 












.(OTTOCHING PORTS) 






-49 


211-0118-00 


8010100 


8120999 


4 


.SCfl.OSSEM N5HR:4-40 X 0.312,PNH,eRS,NP 


77900 


OROER BY OESCR 




211-0292-00 


8121000 




4 


.SCR.OSSEM NSHR:4-40 X 0.29.PNH.8RS NI PL 


78109 


51-040445-01 












.(EM) QITOCHINO PORTS) 






-50 


200-0995-00 






1 


..COVER.CON SM:10 ELEMENTS 


80009 


200-0995-00 












..(OnoCHING PORTS) 






-51 


211-0022-00 






2 


..SCREM,H0CHINE:2-S6 X 0.188,PNH.STL 


TK0435 ORDER BY DESCR 


-52 


210-0001-00 






2 


..N0SHER,L0CX:I2 INTL.0.013 THK.STL 


77900 


1202-00-00-0541C 












..(EM) 0TT0CHIN6 PORTS) 






-53 


407-0714-00 


8010181 




1 


.. BROCKET ,C0H SM:6R0UK)IN6,BRS OLBOUTT PL 


80009 


407-0714-00 


-54 


214-1126-01 






1 


.. SPRING. FU)T:0. 7 X 0.12S.CU BE CRN CLR 


80009 


214-1126-01 




214-1126-02 






1 


.. SPRING. FlAT:0. 7 X 0.12S.CU BE RED ClR 


80009 


214-1126-02 


-55 


214-1127-00 






1 


..R0Ll£R.DETENT:0.12S DIO X 0.12S.SST 


80009 


214-1127-00 


-56 


401-0058-00 






1 


..BEORING.CQH SN:FRONT .0.454 DIO CON 


80009 


401-0058-00 












..(OnOCHINC PORTS) 






-57 


354-0219-00 






1 


.. RING .RETOINING:EXT,CRESCENT ,8/0 0.25 010 


79136 


5103-25-S-ffl-R 












..(E)« onOCHING PORTS) 






-58 


105-0109-00 






1 


..OCTTMTOR.CAN SK:H.F.-3CB SEL 


80009 


105-0109-00 




213-0075-00 






2 


...SCTSCREN:4-40 X 0.094.STL 


7444S 


ORDER BY DESCR 


-59 


210-0405-00 






1 


.. HUT, PUTIN, HEX:2-56 X 0.1B8.BR5 CO PL 


73743 


12157-50 


-60 


210-0406-00 






2 


..NUT,PLflIN,HEX:4-40 X 0.168.BRS CO PL 


73743 


12161-50 


-61 


401-0061-00 






1 


..BEORINC.CON SN:0E0R OR CENTER.D.454 010 


80009 


401-0061-00 


-62 








1 


RESISTOR.VOR:(SEE RS3S.S53S REPL) 
















(OTTOCHING PORTS) 






-63 


210-0683-00 






1 


NUT,PUUN.HEX:0.25-32 X 0.312.BRS CO PL 


73743 


2X-20319-402 


-64 


210-0046-00 






1 


NOSHER.IOCK:0.261 IO.INTL.0.018 THK.STL 


77900 


1214-05-00-0541C 












(EM) OTTOOilNG PORTS) 






-65 


407-0553-00 






1 


BROCKET.CMPNT:0ROSS OIBOIDY PL 


80009 


407-0553-00 




342-0212-00 






2 


INSULOTOfi,FIlM:CIRCUIT 80OR0,HYUkR 


80009 


342-0212-00 


-66 


— 






1 


CKT BOMO OSSY:HOIN(SEE 02 REPL) 
















(OTTOCHING PORTS) 






-67 


211-0116-00 


8010100 


8099999 


1 


$CR,OSSEM NSIfl:4-40 X 0.312.PMI.8R$,NP 


77900 


OROER BY DESCR 




211-0513-00 


8100000 




1 


SCREM,M0CHINE:6-32 X 0.62S.PNH.STL 


93907 


880-00032-003 


-66 


210-0586-00 


8010100 


8099999 


1 


NUT,PL.OSSEM H0:4-40 X 0.25.STL CO PL 


78189 


211-041800-00 




210-0457-00 


8100000 




1 


NUT,PL,OSSEM H0:6-32 X 0.312.STL CO PL 


78189 


511-06180IH)0 


-69 


210-0863-00 


8100000 




1 


MSHR.LOOP CUIHP:0.187 (0 U7N 0.5 N CLP 


95967 


C191 


-70 


343-0002-00 


8100000 


0115479 


1 


CLONP.LDQP:0.187 lO.PLOSTIC 


06915 


E3 Cl£AR ROUND 




343-0003-00 


8115400 




1 


CLOMP, L00P:0.2S lO.PUISTlC 


06915 


E4 CLEAR ROUND 


-71 


210-0413-00 






1 


NUT ,PUkIN,HEX:0. 375-32 X 0.5.BRS CO PL 


73743 


3145-402 


-72 


210-0840-00 






1 


NOSHCR,FIOT:0.39 10 X 0.582 00 X 0.02.STL 


86928 


OROER BY DESCR 












(EM) OTTOCHING PORTS] 
















CKT 800RO OSSY INCLUOES: 






-73 


384-0448-00 






1 


.EXT SH0n:11.12S L X 0.123 OO.EPXY-GL 


80009 


384-0448-00 


-74 


376-0091-00 






1 


.CPI6,SHOFT.FL£X:0.2S1 10 X 0.672 OO.BRS NP 


99934 


A-2)1-165 




213-0020-00 


8020160 




4 


..SeT$CRCX:6-32 X 0.12S.STL 


TK0433 OROER BY DESCR 


-75 


131-0590-00 






18 


.TERNIN0L.PIN:0.71 L X 0.025 SO PH 8RI 


80009 


131-6590-00 


-76 


342-0050-00 


8050000 




15 


.INSULOT0R.BSH6:0.03 10 X 0.125 00 X 0.1 1 


80009 


342-0050-00 


-77 


351-0155-00 






22 


. INSUU)TOR,STDF:COM(ECTOR,OEIR]N 


80009 


351-0155-00 


-70 


138-0235-00 


8010100 


8121634 


4 


.SKT.PL-IN EliXtTRONSISTOR.B CONTOCT 


71785 


133-98-12-062 




136-0252-07 


8121635 




60 


.SOCKET .PIN C0M(:N/0 OIM>LF 


22526 


75060-012 


-79 


344-0154-00 






4 


.CL1P.ELECTR1C0L:FUSE,CKT 80 MT.CU 8E 


00009 


344-0154-00 


-80 


136-0183-00 


8010100 


8121634 


4 


.SKT.PL-IN EL0C:Tfi(MS,3 CQKTOa.PCB NT 


80009 


136-0183-00 


-81 


131-0566-00 






2 


.eUS.CQNO'.OLNiT RES ,0.094 00 X 0.225L 


24546 


ONO 07 


-82 


337-1286-02 






1 


.$HIELO.ELEC:NOIN CKT 80 


80009 


337-1266-02 


-83 


214-0579-00 






4 


.TERM. TEST P0INT:8RS CO PL 


80009 


214-0579-00 


•84 


136-0235-01 






1 


.SKT.PL-IN ELEK:TRONSISTOR.6 C0NT0CT.PC8 NT 


00009 


136-0235-01 


-05 


136-0220-00 


8010100 


8121634 


10 


.SKT.PL-IN EL£X:TRfiNSISTOR 3 CONTOCT 


71785 


133-23-11-034 


-86 


385-0107-00 






1 


.SP0CER.P0ST:0.75 L N/4-40 THO THRU.NYL 


80009 


385-0107-00 












.(OnOCHING PORTS) 






-87 


211-0008-00 






1 


.SCREN,N0CHINE:4-40 X 0.2S.PMI.STL 


93907 


OROER BY DESCR 
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Part No. 
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Otv 


1234S Name & Oeecriotion 
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2- 








.(END OTTOCHINC PORTS) 






-88 


131-0604-00 




33 


.CONTDCT.EUCiCKT 90 SN.SPR.CU BE 


60009 


131-0604-00 


-89 


131-0608-00 




22 


.TEMINOL,PIN:0.365 L X 0.025 BRZ OLD PL 


22526 


48283-036 


-90 


214-1190-00 




1 


.CPLG.SHOn,BCO:0.12S 00 TO 0.125 OO.QL 


80009 


214-1190-00 




213-0075-00 




1 


..SCTSCREM:4-40 X 0.094.STL 


74445 


ORDER BY DESCfl 


-91 


214-1136-00 




1 


.BCTIMTOR.SL SNtVORIOeLE COL 


B0009 


214-1136-00 


-92 


351-0180-00 




1 


.CUtOE.SLlOE SN:SHITCH OCTUOTQR 


80009 


351-0180-00 




105-0413-00 




1 


.OCTR OSSY.COH S:0TTEN 
.(ATTOOniC PORTS) 


B0009 


105-0413-00 


-93 


211-0116-00 




4 


.SCR.OSSEH RSNR:4-40 X 0.312.PNH,BRS,HP 
.(0« OTTOCmiC PORTS) 


77900 


OROER BY OESCR 


-99 


200W)952'00 




1 


..COVER.COM SM:20 ELEMENTS 
..(OTTOCNINB PORTS) 


80009 


200-0952-00 


-95 


211-0022-00 




2 


..SCREN,H0CmNE;2-S6 X 0.188.PNH.STL 


TK0435 


ORDER BY OESCR 


-96 


210-0001-00 




1 


..N0SHER,UKK:I2 INTL, 0.013 TW.STL 


77900 


1202-00-00-0541C 


-97 


210-0259-00 




1 


..TERHIN0L,LU6:0.099 ID.L0CKING,8RS CO PL 
..(EM OTTOCHINC PORTS) 


60009 


210-0259-00 


-98 


214-1139-02 




1 


.. SPRING, FIOT:0. 885 X 0.156 CU BE GRN CLR 


B0009 


214-1139-02 




214-1139-03 




1 


..SPR1NG.FU)T:0.685 X 0.156 CU BE RED CJ) 


80009 


214-1139-03 


-99 


214-1127-00 




1 


..ROLLER,OETENT:0.12S OIQ X 0.125.SST 


80009 


214-1127-00 


-100 


210-0405-00 




1 


..NUT.PUIIN,HEX;2-56 X 0.188.BRS CO PL 


73743 


12157-50 


-101 


210-0406-00 




2 


..NUT.PIOIN,HEX:4-40 X 0.1B8.BRS CO PL 


73743 


12161-50 


-102 


401-0054-00 




1 


..eEORINC.CAH SNrFRONT, 


80009 


401-0054-00 










..(OTTOCHING PORTS) 






-103 


354-0219-00 




1 


.. RING .RCTOINING:EXT .CRESCENT ,U/0 0.25 010 


79136 


5103-25-S-ZD-R 










..(EW DTTOCHING PUTS) 






-104 


105-0110-00 




1 


..QCTUOTOR.CON SNrOTTENUOTOfl 


80009 


105-0110-00 


-105 


210-0405-00 




1 


..NUT.PLOIN,HEX:2-56 X 0.188,8RS CD PL 


73743 


12157-50 


-106 


210-0406-00 




2 


..NUT,PU)IN,HEX:4-40 X 0.188 ,BRS CO PL 


73743 


12161-50 


-107 


401-0056-00 




1 


..BEWIHC.COM 5H:REOR.O.B3 010 COM 


^09 


401-0056-00 




105-0465-00 




1 


.OCTR OSSY.COM S:G0IN/RE000UT 
.(OTTOCHINC PUTS) 


80009 


105-0465-00 


-108 


211-0116-00 




4 


.SCR.OSSEH NSHR:4-40 X 0.312.PWI.8RS.NP 
.(EW OTTOCHINC PUTS) 


77900 


OROER BY OESCR 


-109 


200-0953-00 




1 


..COVER, COM 5H:16 ELEMENTS 
..(OTTOCHINC PUTS) 


90009 


200-0953-00 


-110 


211-0022-00 




2 


..SCREM,MOCHINE:2-56 X 0.1B8,PNH,STL 


TK0435 


OROER BY OESCR 


-111 


210-0001-00 




1 


.. MOSHER, L0CK:I2 INTL.0.013 THK.STL 


77900 


1202-00-00-0 541C 


-112 


210-0259-00 




1 


..TERMINOL.LUG:0.099 10. LOCKING ,BRS CO PL 
..(EW OTTOCHINC PUTS) 


80009 


210-0259-00 


-113 


214-1139-W 




1 


.. SPRING. FIOT:0. 885 X 0.156 CU 8E GID OR 


60009 


214-1139-00 




214-1139-03 




1 


.. SPRING, EL0T:0.685 X 0.156 CU BE RQ) CIR 


80009 


214-1139-03 


-114 


214-1127-00 




1 


..ROLLU,0CT»T:0.12S 010 X 0.12S.SST 


80009 


214-1127-00 


-115 


210-0406-00 




2 


..NUT,PL0IN.HEX:4-40 X 0.188.BRS CO PL 


73743 


12161-50 


-116 


210-0405-00 




1 


..NUT,PUIIN.HEX:2-56 X 0.188.BRS CO PL 


73743 


12157-50 


-117 


401-0057-00 




1 


..BEWINC.COM SM:FRONT N/0.B3 010 BSHG 
..(OTTOCHINC PORTS) 


80009 


401-0057-00 


-118 


354-0219-00 




1 


..RING.RCTOININC:EXT .CRESCENT, U/0 0.25 010 
. . (EW OTTOCHINC PORTS) 


79136 


5103-25-S-lO-R 


-119 


105-0111-00 




1 


..OCTUOTOR.COM SH:COIK/REQOOUT 


80009 


105-0111-00 


-120 


210-0405-00 




1 


..NUT.PlOIH.HEX:2-56 X 0.180 .BRS CO PL 


73743 


12157-50 


-121 


210-0406-00 




2 


..NUT.PL0IN.HEX:4-40 X 0.188 .BRS CO PL 


73743 


12161-50 


-122 


401-0056-00 




1 


..BEWING.COM SH:REW,0.83 DIO CON 


80009 


401-0058-00 










STOWORO QCCESSORIES 








070-0931-00 




1 


HONUQL.TECH: INSTRUCTION 


80009 


070-0931-00 
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MANUAL CHANGE INFORMATION 

At Tektronix, we continually strive to keep up with latest electronic developments 
by adding circuit and component improvements to our instruments as soon as they 
are developed and tested. 

Sometimes, due to printing and shipping requirements, we can't get these 
changes immediately into printed manuals. Hence, your manual may contain new 
change information on following pages 

A single change may affect several sections. Since the change information sheets 
are carried in the manual until all changes are permanently entered, some 
duplication may occur. If no such change pages appear following this page, your 
manual is correct as printed. 




l^ktronbc 

COMM1 IbU TO E)C£LLfNCC 


MANUAL CHANGE INFORMATION 

r*h{ino^ 






Manual Part No.: (T7f>-fl931-4Tn 






DESCRIPTION 


EG 42 



EITO3TVE aMAL NJ«PS (SiE FHXW) 



fWWCBflLE JiH3RHLAL EMOS LBT OfWIS 



(WNH'IO: 



A3 


670-1051-00 


BOlOlOO 


0059999 


cnKurr 


ED 


Assy:n«jr 


(XLHilNS 


A3 


670-1051-01 


0060000 


BU8249 


(3KinT 


ED 


ffiaf;INFUr 


CCLHJIC 


A3 


670-1051-02 


BU8250 




cncuiT 


H3 


ieSYtlMUT 


CELIfJNS 



A4 


670-1050-00 


BOlOlOO 


0059999 


rranriT 


ED 


A£SY:OtUr 


aUHJMl 


A4 


670-1050-01 


0060000 


BU8249 


CTRUrr 


BD 


AeSY:D«jr 


crntDc 


M 


670-1050-02 


BU8250 




cncuiT 


ID 


ASarrlMUI' 


amnc 



TIE KIZi3«im (HNS EFFB3n\E H3l m. SEWAL NLMES 



^KifNECAL EJfOS UST CHNfS 

CHNE'K): 

1- 68 342-0212-00 1 miAini,FiiHcmijrr BCW® 

2- 28 214-114(M)0 1 SEKIN:v»Cre,0.25J (D 0.375 L,0£ RCB,S 
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